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FOREWORD 
This report  contains the  r e s u l t s  of North American Rockwell's analyses 
conducted under the  Orbiting Lunar  S t a t ion  F e a s i b i l i t y  and Defini t ion Study 
(Phase A ) ,  Contract NAS9-10924, i n  accordance with l i n e  i t e m  5 of the  Data 
Requirements L i s t  (DRL5).  
This report  i s  compiled i n  six volumes f o r  ease of presentat ion,  
handling and r eadab i l i t y  of the data i n  the  repor t .  I n  general ,  each volume 
i s  a compilation of the  data generated i n  a spec i f i c  phase of t h e  study. 
This i s  Volume I1 of the  repor t  and presents  t he  r e s u l t s  of t h e  
operations and payloads analyses and the  iden t i f i ca t ion  of t he  r e su l t i ng  
OLS design requirements. An integrated operations sequence model i s  developed 
based upon the  preferred OIX o r b i t ,  crew complement, consumables, and a 
payload accommodation concept. Safety and rescue considerations t h a t  were 
iden t i f i ed  throughout the  study are a l s o  presented. 
The documents comprising the  study report  are: 
Volume I OLS Objectives 
Volume I1 Mission Operations and Payloads Analysis 
Volume 111 OLS Performance Requirements 
Volume I V  OLS Configuration and Subsystem Synthesis 
Volume V OLS Configuration Defini t ion 
Volume V I  Comparison of OLS Configurations 
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1 .O SUMMARY 
The OLS func t iona l  requirements t h a t  support t h e  operat ional  object ives  
defined i n  Volume I are  derived i n  t h i s  document. These requirements coupled 
w i t h  the  s c i e n t i f i c  support requirements presented i n  Sect ion 3.0 of Volume I 
comprise t h e  ove ra l l  OLS performance requirements t h a t  a re  presented i n  
Volume 111. 
The func t iona l  analyses presented i n  t h i s  volume are:  
2.0 Orbi t  Determination 
3.0 Crew Ac t iv i t i e s  
4 e 0 
5.0 Safe ty  and Rescue 
6.0 
7.0 Operations Sequencing 
8 0 Propel lant  Management 
9.0 Docking Operations and Payload Accommodations 
A u t  onomous Operations 
Communication Requirements and Lunar Relay Concepts 
1 e 1 ORBIT DETERMINATION 
Presented i n  Sect ion 2.0 i s  an analysis  of the  various f ac to r s  e f f ec t -  
i n g  the  se l ec t ion  of t h e  optimum lunar  o rb i t  f o r  t h e  OLS. The o r b i t a l  para- 
meters inves t iga ted  were a l t i t u d e  inc l ina t ion ,  and eccen t r i c i ty .  The optimum 
lunar  o r b i t  se lec ted  f o r  t h e  OLS i s  a 60-nautical mile, c i r c u l a r  polar  o rb i t .  
1.2 CRFW ACTIVITDES 
I n  Sect ion 3.0, OLS crew requirements are  synthesized based upon eval- 
uat ion of required s k i l l s  func t iona l  r e s p o n s i b i l i t i e s  and time estimates of 
t h e  various operation tasks. 
all required operations,  including t h e  equivalent of f i v e  men f o r  s c i e n t i f i c  
operations and th ree  men f o r  s t a t i o n  operations. 
A t o t a l  of e ight  men are  required t o  perform 
1.3 AUTONOMOUS OPERATIONS 
I n  Sect ion 4.0, autonomous operations of t h e  OLS are  considered. 
P a t i a l  autonomy i s  preferred.  It provides f o r  onboard operations t h a t  a re  
independent of r e a l  time earth-based support but  earth-based support on an 
as-required bas is  i s  recommended. Incremental i n s t a l l a t i o n  and ac t iva t ion  
i s  recommended. The func t iona l  requirements imposed upon the  OLS by inclu-  
s ion  of autonomous operations are iden t i f i ed .  The primary areas a f fec ted  
a re  t h e  rel iabi l i ty/redundancy design c r i t e r i a  f o r  a l l  spacecraf t  equipment 
and t h e  soph i s t i ca t ion  and automation of t h e  Information Subsystem (ISS) 
1-1 
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1,4 SAFETY AND FG3SCUE 
Sect ion 5.0 presents  s a f e t y  and rescue c r i t e r i a ,  analyses and opera- 
t i o n a l  requirements r e l a t e d  t o  t h e  assurance of s a fe  operation of t h e  OLS, 
and r e l a t e d  t o  the  OLS czpab i l i t y  t o  provide s a f e t y  support and rescue 
support t o  other  lunar progran elements. The a i r locks  provided by  t h e  
permanently docked experiment module and t h e  normally docked rescue tug  pro- 
vide adequate backup i n  t h e  event of a f a i l u r e  of t h e  intervolume a i r loek  
during IVA or EVA operations.  The major requirement imposed by support t o  
other program elements i s  the  OLS requirement t o  provide crew support t o  a 
t o t a l  of 20 men f o r  up t o  55 days i n  t h e  event of a rescue of 12 men from 
t h e  LSB. 
1.5 COMMUNICATION R E Q U I R E M E W S  AND LUNAR RELAY CONCEPTS 
Section 6.0 presents  a discussion and evaluat ion of lunar  communica- 
t i o n  r e l a y  concepts t o  f i l l  t he  voids i n  the  communication l inks .  The con- 
cepts evaluated axe: (1) lunar  o r b i t  s a t e l l i t e  re lay ,  (2 )  lunar  o r b i t  sat- 
e l l i t e - t o - s a t e l l i t e  re lay ,  (3) L2 l i b r a t i o n  point  Hummingbird s a t e l l i t e  
re lay ,  and (4) L2 Halo o r b i t  s a t e l l i t e  re lay ,  Each concept has i t s  advan- 
tages  and disadvantages, and a more de t a i l ed  s tudy i s  required t o  make a 
concept se lec t ion .  Although none of t he  concepts evaluated imposed unique 
requirements on the  OLS, t h e  s a t e l l i t e - t o - s a t e l l i t e  r e l a y  concept was used 
as a basel ine model f o r  OLS subsystem design purposes. 
1.6 OPERATIONS SEQUENCE 
An operations sequence model i s  developed i n  Sect ion 7.0 f o r  t he  time 
per iod s t a r t i n g  with i n i t i a l  de l ivery  of t h e  OLS t o  lunar o r b i t  t o  completion 
of a 1 0 - y e a  OLS program. These plans were developed t o  a s s i s t  i n  t h e  iden t i -  
f i c a t i o n  of OLS design requirements such as normal and contingency consumables 
s torage,  crew r o t a t i o n  schedules, propel lant  management, and m a x i m u m  crew 
accommodation requirements. Although the  RNS was used as t h e  c i s lunar  
s h u t t l e  i n  developing t h e  operations sequence model, a comparative evaluat ion 
of t he  chemical propulsion s tage ( C P S )  with the  RNS was made, ind ica t ing  t h e  
impact t he  C P S  would have on the  sequence of operations.  
1.7 PROPELLAI'U MANAGEMENT 
Sect ion 8.0 presents  an evaluat ion of t o t a l  cryogenics resupply require-  
ments i n  lunar  o r b i t ,  and r e l a t e d  operat ional  procedures and concepts f o r  
t ranspor t ing  and t r ans fe r r ing  cryogenics required by t h e  lunar lander  tugs 
and by t h e  OLS, 
and LN2 t o  t h e  lunar  o r b i t .  N o  lunar orb i t ing  propel lan t  depot i s  required 
t o  s t o r e  cryogenics 
A propel lant  module was developed f o r  t ranspor t ing  LH2, L02, 
1-2 
SD 71-207 
1.8 DOCKING OPERATIONS AND PAYLOAD ACCOMMODATIONS 
Section 9,O presents concepts f o r  cargo t ranspor t  and storage,  defines 
worst case storage requirements develops resupply procedures, and determines 
docking operations. 
t o  lunar o r b i t  of both OLS and tug s o r t i e  mission conswnables i s  defined. A 
"pantry" module i s  not required t o  s t o r e  OLS cargo. 
u le  docking por t s  i s  required t o  support a l l  docking operations. 
A dual-support cargo module f o r  simultaneous t ranspor t  
A t o t a l  of six core mod- 
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2.0 ORBIT DETERMINATION 
2.1 SUMMARY 
A comprehensive s tudy was conducted t o  determine the  optimum lunar  
The r e s u l t s  subs t an t i a t e  and o rb i t  f o r  t h e  Orbiting Lunar S ta t ion  (OLS), 
confirm t h e  j u s t i f i c a t i o n  of a po lar  inc l ina t ion ,  60-n m i  a l t i t u d e ,  c i r c u l a r  
o rb i t ,  which has been a popular and regular ly  referenced o r b i t  f o r  lunar  
or'biting space s t a t i o n  concepts 
The primary reasons f o r  tk se lec t ion  of t he  polar  i nc l ina t ion  a r e  
two-f old: 
1. Tug landers based a t  a po lar  o rb i t i ng  OLS can descend t o  any 
surface s i t e  and r e tu rn  t o  t h e  OLS without cos t ly  plane 
changes, thus permitt ing subs t an t i a l  payload gain or tug  
propel lant  savings e Opportunities f o r  such minimum d e l t a  
V coplanar descent and ascent a re  ava i lab le  every 14 days, 
2. The majori ty  of the  lunar  o rb i t  science experiments require  
viewing of t h e  e n t i r e  lunar  surface.  Obviously, only a 
polar  o r  near polar  o r b i t  w i l l  s a t i s f y  t h i s  requirement. 
Other considerations t h a t  favor the  polar  i nc l ina t ion  include minimum average 
d e l t a  V f o r  tug-lander abort  condition and minimum orb i t  per turbat ions.  
(1) higher Factors not favorable f o r  t he  polar  i nc l ina t ion  are:  
worst-case T E I  d e l t a  V f o r  emergency e a r t h  re turn ,  and (2 )  fewer mission 
opportuni t ies  with m a x i m  or near m a x i m  payload t o  lunar  o r b i t .  However, 
ne i ther  f a c t o r  of fe rs  s ign i f i can t  disadvantages, because f o r  t h e  former, t he  
TEI and EO1 d e l t a  V's a re  within the  capab i l i t i e s  of cur ren t ly  envisioned 
tug-lander s i zes .  For t h e  l a t t e r ,  t he  maximum payload mission opportuni t ies  
which occur every 54.6 days a re  considered adequate f o r  earth-moon l o g i s t i c s  e 
Considerations t h a t  were found t o  be in sens i t i ve  t o  the  OLS o r b i t  
i n c l i n a t i o n  a re  as follows: 
1. The average resuce time required by the  tug lander t o  
descend from t h e  OLS t o  reach the  surface crew 
2. OLS surface crew c o m n i c a t i o n  l i n k  v i a  communication 
s a t e l l i t e s  
3. Tug landing l i g h t i n g  considerations 
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The OLS o r b i t  a l t i t u d e  of 60 nau t i ca l  miles i s  recommended pr imar i ly  t o  
provide adequate margin of s a f e t y  f o r  t he  optimized lunar  approach hyperbola 
per i lune a l t i t u d e  of 40 nau t i ca l  miles f o r  a 60-nautical  mile f i n a l  o rb i t .  A 
more absolute lower l i m i t  of 40-nautical mile OLS o r b i t  i s  es tab l i shed  by  t h e  
tug  ascent s a f e t y  requirement. This involves tug  burnout a t  t he  per i lune of 
a 10 x 30-nautical mile a l t i t u d e  (948.5 x 968.5-nautical mile rad ius)  e l l i p t i c  
o r b i t  t o  allow f o r  s l i g h t l y  premature thrust cutoff without r e s u l t h g  i n  an 
impact e l l i p s e ,  An increment of 10 naut ica l  miles above the  30-nautical mile 
apolune provides f o r  phasing t r a n s f e r  t o  t h e  OLS, thus es tab l i sh ing  t h e  40- 
nau t i ca l  mile a l t i t u d e  lower l imi t .  
Orbit per turbat ion does not appear t o  be sens i t i ve  t o  a l t i t u d e  f o r  
polar  or'bit.  
lunar  s h u t t l e  payload capab i l i t y  showed l i t t l e  s e n s i t i v i t y  t o  the  OLS a l t i t u d e .  
A l l  OLS a t tached science experiments a re  compatible with the  60-nautical mile 
a l t i t u d e .  
The tradeoff between landing mission payload capab i l i t y  and c i s -  
The c i r c u l a r  o r b i t  was se lec ted  f o r  t he  OLS. No advantage f o r  
eccent r ic  o r b i t  was uncovered and a number of disadvantages were ident i f ied .  
2,2 ORBIT INCLINATION SELECT I O N  
2.2.1 
The delta-V requirements f o r  t he  descent and ascent phases of OLS-based 
tug  landings a re  major f ac to r s  i n  t h e  OLS o rb i t  i nc l ina t ion  se lec t ion .  Opti- 
mum descent and ascent cons is t  of minimum delta-V coplanar maneuvers. 
For a 90-degree (polar )  i nc l ina t ion  OLS, t he  tug  w i l l  be able  t o  use 
coplanar maneuvers t o  and from any landing s i t e .  Opportunities f o r  such co- 
planar  maneuvers occur dbout every 14  days, because t h e  moon ro t a t e s  approxi- 
mately once every 28 days (and any landing s i t e  i s  overflown by  t h e  OLS about 
every 14 days). On the  other hand, a 0-degree (equator ia l )  i nc l ina t ion  OLS 
w i l l  require  t h e  tug  t o  perform plane changes f o r  a l l  landing s i t e s  except 
f o r  those on t h e  equator. These considerations a re  r e f l ec t ed  i n  the  delta-V 
requirements i n  Figure 2-1 f o r  polar  and equator ia l  inc l ina t ions  of t he  OLS as 
wel l  as f o r  other se lec ted  inc l ina t ions .  (The delta-V values i n  Figure 2-1 a re  
based on the  assumptions t h a t  plane changes l e s s  than 40 degrees a re  accomplished 
v i a  a s ing le  maneuver, while plane changes i n  excess of 40 degrees a re  based 
on a three-impulse maneuver technique i n  which the  plane change i s  made a t  
t h e  apolune of a 24-hour intermediate e l l i p t i c a l  o r b i t  as shown i n  Figure 2-2.) 
Based on t h e  da ta  i n  Figure 2-1, it i s  apparent t h a t  t h e  polar  o r b i t  has a 
d e f i n i t e  advantage over other  inc l ina t ions .  
The previous considerations were f o r  nominal landing missions. Sub- 
sequently, abort  s i t ua t ions  (off-nominal re turn  t o  t h e  OLS from the  lunar  
surface)  were exa-mined f o r  t h e i r  e f f e c t  on OLS inc l ina t ion  se l ec t ion ,  
most s t r ingen t  abort  cons t ra in t  involves ascent t o  t h e  OLS immediately upon 
not ice ,  The "worst t i m e "  occurs about 7 days a f t e r  a coplanar landing when 
t h e  OLS o rb i t  i s  90 degrees out-of-phase from t h e  landing s i t e .  The d e l t a  V 
(descent plus  ascent)  f o r  t h i s  worst-time abort  i s  given as funct ion of s i t e  
l a t i t u d e  f o r  se lec ted  OLS o r b i t  inc l ina t ions  i n  Figure 2-3. The data ind ica te  
The 
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Figure 2-1. Effects  of Orbit  Inc l ina t ion  on Tug - Lander Roundtrip 
Delta-V Requirements Nominal Mission 
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Figure 2-2. Three-Impulse Plane Change Maneuver 
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t h a t  t he  polar  i nc l ina t ion  OLS i s  superior  except f o r  landing s i t e s  a t  t h e  
lower l a t i t u d e s  ( i , e .  0 t o  + 20 degrees) Similar  data  a re  shown i n  Figure 
2-4 f o r  an abort  c r i t e r i a ,  wgere up t o  a seven-day delay can be t o l e r a t e d  
before making the  abort  ascent,  
Figure 2-5. 
A 14-day delay s i t u a t i o n  i s  shown i n  
* Best T i m e  Landing 
0 Worst Time Ascent Abort with 7 Day 
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Delay Capabi l i ty  
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Figure 2-4. Effec ts  of Or 'b i t  I nc l ina t ion  on Tug-Lander Roundtrip 
Delta-V Requirenents 7-Day Abort Delay Capabi l i ty  
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Figure 2-5. Ef fec ts  of Orbit Inc l ina t ion  on Tug-La.nder Roundtrip 
Delta-V Requirements 14-Day Abort Delay Capabili ty 
In  reference t o  Figure 2-5, t he  polar  OLS o r b i t  requires  t h e  m i n i m  
t o t a l  d e l t a  V f o r  descent plus  ascent a t  any s i t e  l a t i t u d e  f o r  t he  14-day 
abort  delay c r i t e r i o n .  
inc l ina t ions  a re  preferable  i n  conjunction with low s i t e  l a t i t u d e s  f o r  t he  
zero-day and 7-day abort  delay c r i t e r i a .  A bes t -orb i t  i nc l ina t ion  was thus 
exanined on t h e  basis of average t o t a l  d e l t a  V per  landing mission f o r  two 
r a the r  extreme s i t e  d i s t r ibu t ions  as a funct ion of' l a t i t u d e  (Figure 2-6) .  
The s o l i d  l i n e s  assume t h a t  t he  s i t e s  a re  equal ly  d i s t r ibu ted  as a funct ion of 
l a t i t u d e .  The average d e l t a  V f o r  a given inc l ina t ion  represents t h e  area 
under the  appropriate curve i n  Figures 2-3, 2-4, and 2-5 divided by  t h e  
l a t i t u d e  range of 90. 
a r e  equal ly  d i s t r ibu ted  by area (e .g . ,  each u n i t  of a rea  on t h e  lunar  surface 
i s  p o t e n t i a l l y  of equal i n t e r e s t  f o r  s c i e n t i f i c  explorat ion)  such t h a t  t he  
preponderance of s i t e s  a re  located a t  t he  lower l a t i t u d e s .  The average d e l t a  
V f o r  t h e  equal area s i t e  d i s t r ibu t ion  i s  obtained by  multiplying t h e  plane 
change por t ion  of t h e  delta-V curves of Figures 2-3, 2-4, and 2-5 by the  
cosine of t h e  l a t i t u d e  p r i o r  t o  in t eg ra t ing  t h e  area under each curve, 
However, Figures 2-3 and 2-4 show t h a t  low o rb i t  
The broken l i n e s  i n  Figure 2-6 assume t h a t  t h e  s i t e s  
2-6 
SD 71-207 
North American Rockwell 
g(p) = 1 (Equal Lat i tude Dist. ) 
(Equal Area D i s t . )  - - - -  P(p)  = cos 9 
h, = 60 n mi 
. 
1 I 1 J 
0 30 60 90 
OLS Orbit Inc l ina t ion  (Degrees ) 
Figure 2-6. Effect  of OLS Orbit Inc l ina t ion  
on Tug Performance 
The data  of Figure 2-6 show t h a t  a polar  o rb i t  i s  preferab le  on t h e  
'basis of t h e  average t o t a l  delta-V indica tor ,  even when the  landing s i t e s  a re  
assumed t o  'be equal ly  d i s t r ibu ted  by area.  
2-2.2 Rescue of Crew From Lunar Surface 
A rescue s i t u a t i o n  d i f f e r s  f r o m  an abort  s i t u a t i o n  i n  t h a t  it i s  assumed 
t h a t  the  tug  on the  surface i s  inoperat ive and a second tug s ta t ioned  a t  t he  
OLS must descend t o  t h e  lunar  surface and r e t r i eve  t h e  s o r t i e  crew. The wors t  
case approach would assume the  requirement f o r  immediate descent and no delay 
i n  the  ascent of t he  rescue tug. A more r e a l i s t i c  approach i s  t o  assume the  
requirement f o r  immediate descent but  wait for an optimum (coplanar) ascent 
time. The t o t a l  d e l t a  V required f o r  immediate descent and bes t  case ascent 
would 'be t h e  same as shown i n  
days delay. Therefore, t he  conclusions favoring a polar  o rb i t  on t h e  bas i s  
of average d e l t a  V f o r  t h e  abort  case made i n  t h e  previous paragraph a re  
equal ly  appl icable  t o  t h e  rescue case. 
Figure 2-6 f o r  t h e  tug  abort  case with zero 
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An addi t iona l  f a c t o r  of i n t e r e s t  i n  surface crew rescue i s  the  time 
involved i n  reaching the  crew i n  d i s t r e s s ,  depending upon the  OLS o r b i t  
i nc l ina t ion ,  The three-impulse f l i g h t  p r o f i l e  involving a 24-hour i n t e r -  
mediate e l l i p t i c a l  o rb i t  requires  about 28 hours t o  complete the  landing. 
T h i s  i s  obviously l e s s  des i rab le  i n  terms of rescue time than a s i q l e  Hohman 
t r a n s f e r  descent t o  50,000 f e e t  followed by a powered descent t o  t h e  surface 
which can be done i n  about four  hours. The three-impulse technique y ie lds  
lower delta-V requirements f o r  plane changes i n  excess of about 40 degrees, 
although s ign i f i can t  delta-V reductions a re  not encountered i n  the  40 t o  45- 
degree range of plane change angles. Assuming then  t h a t  s ing le  impulse 
maneuvers a re  u t i l i z e d  f o r  plane changes i n  the  range of 0 t o  45 degrees and 
t h a t  three-impulse maneuvers a re  u t i l i z e d  when the  plane change exceeds 45 
degrees, t he  p robab i l i t y  of using a s ing le  impulse maneuver f o r  rescue was 
considered f o r  various inc l ina t ion  OLS orbi t s .  Based on a s i t e  d i s t r i b u t i o n  
model i n  which t h e  s i t e s  a re  equal ly  d i s t r ibu ted  by area,  it was determined 
t h a t  s ing le  impulse rescue f l i g h t  p r o f i l e s  a re  possible  71 percent of t h e  
time i r r e spec t ive  of t he  OLS o rb i t  inc l ina t ion .  Rescue time, therefore ,  i s  
not a f a c t o r  i n  the  OLS o r b i t  i nc l ina t ion  se l ec t ion  process. 
Transearth i n j e c t i o n  delta-V requirements f o r  anytime ea r th  r e tu rn  
capab i l i t y  a re  dependent upon the  OLS o r b i t  inc l ina t ion .  This e f f e c t  was 
examined i n  a simple model i n  which assumptions were made regarding severa l  
other contr ibut ing f ac to r s .  Results are  shown i n  Figures 2-7 and 2-8. 
E.- 
I 
Figure 2-7. Ef fec t  of Delay Time on TEI Delta V 
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Figure 2-8. Transearth In jec t ion  Delta V 
f o r  Emergency Earth Return 
The three-impulse mode u t i l i z e d  f o r  t r ansea r th  in j ec t ion  involves a 
non-coplanar i n se r t ion  i n t o  an e l l i p t i c a l  o rb i t  having a 60-11 m i  per i lune 
a l t i t u d e  and a 24-hour period, followed by a plane change maneuver a t  apolune. 
The t o t a l  plane change i s  optimally d i s t r ibu ted  'between t h e  f irst  and second 
maneuvers. The t h i r d  and f i n a l  maneuver consis ts  of a cotangent ia l ,  non- 
per iaps is  i n se r t ion  i n t o  t h e  departure hyperbola. 
The moon-at-apogee condition was assumed t o  r e f l e c t  t he  worst ear th-  
moon dis tance e f f e c t ,  The assumption t h a t  moon-earth t r ans fe r  occurs i n  the  
moon's o r ' b i t  plane corresponds t o  using the  lowest energy departure hyperbola 
f o r  a given f l i g h t  time. 
Referring t o  Figure 2-7, t he  t o t a l  d e l t a  V required f o r  t r ansea r th  
in j ec t ion  i s  shown as a funct ion of TEI opportunity f o r  se lec ted  OLS inc l ina-  
t i o n s  and 120-hour t r ansea r th  f l i g h t  time. 
time completes a cycle from a minimum t o  m a x i m u m  and back t o  minimum i n  about 
two weeks. The increment i n  t r ansea r th  in j ec t ion  d e l t a  V between best-case 
(coplanar) and worst-case i s  only 2750-2600 = 150 f p s  f o r  an equator ia l  o rb i t .  
The corresponding value f o r  a polar  o r b i t  i s  4450-2600 = 1850 fps ,  or an 
addi t iona l  1700 fps ,  The e f f e c t  of t r ansea r th  f l i g h t  time on the  worst-case 
delta-V requirements a re  shown i n  Figure 2-8, 
(5000 f t / s e c ) ,  r e su l t i ng  from a fast  60-hour t r ansea r th  f l i g h t  from a polar  
OLS or'bit,  plus the  EO1 d e l t a  V f o r  r e tu rn  t o  var ious  e l l i p t i c  e a r t h  o rb i t s ,  
The t o t a l  delta-V va r i a t ion  with 
The l a rges t  T E I  delta-V 
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a r e  shown i n  Figure 2-9. The f igu re  a l s o  shows the  capab i l i t y  of a repre- 
s en ta t ive  tug-lander t o  re turn t o  a 100 x 100-nautical  mile e a r t h  o r b i t  
under these conditions ., Reasonable e l l i p t i c  o r b i t  re turns  a re  possible  f o r  
even more severe conditions.  Therefore, t h e  emergency e a r t h  r e t u r n  con- 
s idera t ions  do not have a s t rong influence on t h e  OLS o rb i t  i nc l ina t ion  
s e l e  c t  i on. 
Figure 2-9. Emergency Return Delta-V Requirements 
t o  100-n m i  Perigee Earth 0r.bi-t 
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The e f f e c t  of t h e  OLS o r b i t  i nc l ina t ion  on the  earth-moon l o g i s t i c s  
mission performance requirements and frequency of opportunities was considered 
on the  basis of a mission model t h a t  involves an e a r t h  o r b i t  propel lant  
depot. Two candidate e a r t h  departure o rb i t s  were considered: 55-degree 
inc l ina t ion  270.3-n m i  o rb i t ,  and 31.6-degree inc l ina t ion  258-n m i  o rb i t ,  
These o r b i t s  a r e  based on two important conditions: 
rendezvous compatible with t h e  launch pad ( e s g s J  once a day the  c i s luna r  
s h u t t l e  in-plane loca t ion  as t h e  launch s i t e  passes through t h e  o rb i t  plane i s  
favorable f o r  an ea r th  o r b i t  s h u t t l e  launch and subsequent rendezvous with t h e  
c i s lunar  s h u t t l e ) ,  and ( 2 )  per iodic  favorable e a r t h  departure opportunities 
e x i s t  f o r  t h e  earth-moon l o g i s t i c s  mission. 
they  a re  a t  a higher i nc l ina t ion  and, therefore ,  were not considered. 
Coincidentally,  t h e  55-degree 270-n m i  orb i t  i s  t h e  same o r b i t  i n c l i n a t i o n  
and a l t i t u d e  cu r ren t ly  considered f o r  the  ea r th  o r b i t  space s t a t ion .  
t he re  is  one s ign i f i can t  difference i n  t h a t  the  nodal or ien ta t ion  of t h e  
propel lant  depot o r b i t  must 'be es tab l i shed  i n i t i a l l y  such t h a t  t h e  r e p e t i t i v e  
l o g i s t i c s  mission opportunities occur a t  a time of month when t h e  payload 
del ivered t o  the  OLS or.bit i s  maximum. 
(1) t h e  o r b i t  i s  
Other such o rb i t s  e x i s t ,  bu t  
However, 
The n iss ion  model a l s o  assumes coplanar e a r t h  departure and e a r t h  a r r i v a l  
maneuvers. Coplanar ea r th  departure opportunities w i l l  occur each time the  
c i s lunar  s h u t t l e  o rb i t  plane a t  t h e  departure epoch contains t h e  earth-moon 
vector  a t  t h e  lunar  a r r i v a l  epoch. The frequency of such opportuni t ies  i s  
s o l e l y  dependent upon t h e  c i s lunar  s h u t t l e  o r b i t a l  regression r a t e  and, there-  
fore ,  i s  t o t a l l y  independent of t h e  OLS o r b i t  inc l ina t ion .  However, t h e  lunar  
or'bit i n s e r t  ion  and t r ans  ea r th  i n j  e c t  ion d e l t  a-V requirements ass oc ia t  ed with 
each ea r th  departure opportunity a r e  a f fec ted  by var ia t ions  i n  t h e  OLS o r b i t  
inc l ina t ion .  
Logis t ics  mission outbound payloads associated with two c is lunar  
s h u t t l e  a l t i tude- inc l ina t ion  combinations are  i l l u s t r a t e d  i n  Figure 2-10. 
The data  a r e  based on a nuclear shu t t l eL ,  a t rans lunar  f l i g h t  time of 92 
hours, a po lar  OLS o r b i t ,  and a r e tu rn  payload of 10,000 pounds. The 
cis lunar  s h u t t l e  o r b i t a l  nodal or ien ta t ion  was not optimized for t h i s  analysis  
The optimum l o g i s t i c s  -mission cycle of ea r th  departure opportuni t ies  
associated w i t h  t h e  31.6-degree propel lant  depot o rb i t  i nc l ina t ion  ("a" 
por t ion  of Figure 2-10) i s  54.6 days, The comparable cycle f o r  the  55- 
degree inc l ina t ion  ('"b" por t ion  of Figure 2-10) i s  82 days. Other near- 
opti-lrmm -mission opportunities i n  between the  optimm mission epoch are  evi-  
dent i n  t h e  previously mentioned f igures ,  Intermediate coplanar ea r th  
departure opportuni t ies  occur on the  average every 9.1 days f o r  t h e  low 
inc l ina t ion  and every 10.2 days f o r  t h e  high inc l ina t ion .  The payloads f o r  
these  intermediate opportuni t ies  vary widely, however, because of t he  var ia t ions  
'Based on design r e su l t i ng  from Nuclear F l igh t  System Defini t ion Study 
contract  Phase I1 completed by NR i n  August 1970. 
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Figure 2-10. Cislunar Shu t t l e  Outbound Payload and Mission Opportunities 
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i n  t h e  lunar  o rb i t  i n s e r t i o n  and t r ansea r th  i n j e c t i o n  delta-V values. These 
var ia t ions ,  i l l u s t r a t e d  i n  Figure 2-11 f o r  t he  31.6-degree e a r t h  o r b i t  
i n c l i n a t i o n  case, a r e  seen t o  range between about 2700 and 4250 fps .  Changing 
t h e  OLS o r b i t  i nc l ina t ion  from polar  t o  equator ia l ,  f o r  instance,  would reduce 
the  upper value of t h i s  delta-V range t o  an estimated value of about 3000 fps ,  
c rea t ing  a corresponding decrease i n  t h e  f luc tua t ion  of outbound payloads. 
However, t h e  maximum payload (e.g. , optimum departure opportunity) w i l l  be 
about t h e  same f o r  any OLS o rb i t  inc l ina t ion .  
EARTH ORBIT: 31.6' INCL. 258 N. MI. ALT. 92 HR TRANSIT 
4500 
4000 
2 3500 
3000 
2500 
n 
Ln 
v 
06 0 100 140 180 220 260 300 340 
EARTH DEPARTURE DATE (JD - 2,446,000) 
Figure 2-11. Variat ion of LO1 and T E I  Delta V With 
Ear th  Departure Date 
Therefore, because optimum l o g i s t i c s  mission cycles of 54.6 days and 
82 days a re  considered adequate, there  i s  no r e a l  advantage t o  increasing t h e  
payloads associated with the  intermediate opportuni t ies .  It i s  concluded, 
therefore ,  t h a t  t h e  earth-moon l o g i s t i c s  i s  not a f a c t o r  i n  the  OLS o rb i t  
i nc l ina t ion  se lec t ion ,  unless t h e  above mission opportunities a re  determined 
t o  'be inadequate. 
2.2.5 O r ' b i t  Pertur'bation 
The inc l ina t ion  se l ec t ed  for  the  OLS o r b i t  w i l l  have a s ign i f i can t  
e f f e c t  on perilune-apolune a l t i t u d e  var ia t ions  because of t h e  nonuniform lunar  
g r a v i t a t i o n a l  f i e l d .  Predict ions of t he  extent  of these va r i a t ions  d i f f e r  
widely depending upon t h e  lunar  p o t e n t i a l  model e-mployed. Currently,  a lunar  
p o t e n t i a l  model designated as L-1 appears t o  y i e l d  t h e  bes t  r e s u l t s  (seeVol.  111, 
Sect ion 2.2 on Lunar Environmental Model) and has been incorporated i n t o  an 
NR prec is ion  t r a j e c t o r y  d i g i t a l  computer program. However, because of t h e  
prohib i t ive  cost  of generating prec is ion  t r a j e c t o r i e s  f o r  a paraQetr ic  
i nves t iga t ion  of o rb i t  pertur 'bation e f f e c t s ,  ex i s t ing  data based on R-2 and L-5 
lunar  p o t e n t i a l  models were u t i l i z e d .  
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The annual d e l t a  V required f o r  o rb i t i ng  stationkeeping as a funct ion 
of o r b i t  i n c l i n a t i o n  i s  shown i n  Figure 2-12 for a co l l ec t ion  of da ta  points  
f r o m  previous in-house s tudies .  The annual d e l t a  V was computed f o r  each 
case using t h e  r e l a t ionsh ip  shown i n  the  f igure .  
measured a t  t h e  i n i t i a l  a l t i t u d e  of 60 nau t i ca l  miles as shown i n  the  i n s e r t ,  
and a Hohman t r a n s f e r  was assumed t o  y i e l d  a value of 2.67 fps /nau t i ca l  mile 
f o r  t he  s lope of dAV/dh. 
The slope dh/dt was 
The L-1 model mentioned previously d i f f e r s  from the  11-2 model of 
Figure 2-12 only by the  addi t ion of one t e s s e r a l  harmonic and would be 
expected t o  y i e l d  r e s u l t s  t h a t  are c loser  t o  the  R-2 da ta  than  t o  the  L-5 
data. Regardless of which model i s  used, a po lar  OLS o r b i t  appears t o  be 
most favorable from the  standpoint of minimizing the  delta-V requirements 
t o  maintain a l t i t u d e  within the  close l i m i t s  ( i . e e 3  plus  or  minus 2.5 
nau t i ca l  miles during each o r b i t )  inposed by t h e  o r b i t a l  science program. 
If much l a r g e r  a l t i t u d e  var ia t ions  were acceptable,  a lower o r b i t a l  
i nc l ina t ion  angle might r e s u l t  i n  lower delta-V requirements. 
based upon some lunar  g r a v i t a t i o n a l  models ind ica te  an extreme cyc l i c  
v a r i a t i o n  i n  per i lune a l t i t u d e  w i t h  time. 
Predict ions 
Based upon ca lcu la t ions  made by NASA ( i n  connection w i t h  the  Apollo 
J-missions program) using the  L-1 p o t e n t i a l  model, a lunar orb i t ing  body 
i n i t i a l l y  a t  60 nau t i ca l  miles a l t i t u d e  a t  low inc l ina t ion  (10 t o  20 
degrees) would not impact the  moon i n  a one year time period, even without 
o r b i t a l  maintenance. This i s  due t o  the  cyc l i c  v a r i a t i o n  of the  a l t i t u d e  
versus time curve. A body i n  a lunar  po lar  o r b i t  may impact t he  moon i n  
four  t o  s i x  months. 
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2,2,6 Orbit  Science 
Examination of t he  OLS i n t e g r a l  and at tached o r b i t  experiments show 
t h a t  a majori ty  of t h e  experiments require  viewing of t h e  e n t i r e  lunar surface.  
Only a polar  or near ly  polar  o rb i t  w i l l  sat isfy t h i s  requirement. The polar  
i nc l ina t ion  i s  a l s o  compatible wi th  a l l  of t h e  remaining experiments, which 
do not requi re  f u l l  surface coverage. 
The only experiments which a re  not compatible with t h e  polar  o r b i t  need 
t o  be detached from the  OLS 'by v i r t u e  of other requirements, such as magnetic 
c leanl iness ,  crew motion i so l a t ion ,  and other f ac to r s .  These experiments may 
be accommodated on s u b s a t e l l i t e s  placed i n  desired o rb i t s .  
2.2.7 OLS-to-Surface Communications 
Direct l ine-of-sight communications between the  OLS and the surface 
crew i s  severely l imi ted  as depicted i n  Figure 2-13. For the  OLS i n  po lar  
o r b i t ,  the  c o m n i c a t i o n  blackout per iod a t  lower l a t i t u d e  s i t e s  i s  as much as 
11 days because of t h e  slow r o t a t i o n  r a t e  of t h e  moon (28 days per  revolut ion) .  
A s imi l a r  problem ex i s t s  f o r  inc l ined  OLS or'bits with an addi t iona l  problem 
of a permanent 'blackout of upper l a t i t u d e  s i t e s .  
n m i  i s  constrained t o  t h e  + 20 degrees l a t i t u d e  region. E a r t h  r e l a y  i s  not 
a so lu t ion  unless missions To the  f a r  s ide  a re  precluded. 
l imi ta t ions  a re  not compatible with reasonable s a f e t y  requirements and mission 
object ives ,  various communication s a t e l l i t e  concepts were invest igated t o  
determine t h e i r  influence on the  OLS orb i t  se lec t ion .  The concepts are  as 
follows : 
An equator ia l  OLS a t  60 
Because these  
S a t e l l i t e - t o - s a t e l l i t e  r e l a y  
S a t e l l i t e  r e l a y  
Libra t ion  poin t  s a t e l l i t e  
Two other concepts were not considered f o r  t he  following reasons: 
(1) a lunar synchronous s a t e l l i t e  requires  an a l t i t u d e  of approximately 
50,000 n -mi ( a  s t ab le  o r b i t  does not e x i s t  a t  t h i s  a l t i t u d e ,  because it i s  
'beyond the  moon's sphere of inf luence) ,  and (2 )  a s a t e l l i t e - s u r f a c e - s a t e l l i t e  
r e l a y  concept was considered t o o  cos t ly  because of t h e  necess i ty  t o  e s t ab l i sh  
severa l  lunar  surface r e l a y  s t a t ions  i n  addi t ion t o  lunar  o r b i t a l  sa te l l i t es . .  
The s a t e l l i t e - t o - s a t e l l i t e  r e l a y  concept i s  shown i n  Figure 2-14. . 
A network of th ree  s a t e l l i t e s  w i l l  provide f u l l  surface coverage except f o r  
two dark regions (one of which can be seen i n  t h e  f igu re ) .  The dark region 
on the  moon represents  t h e  area t h a t  has noview of t h e  communication 
s a t e l l i t e s ,  
minimum. The e f f e c t  of t h i s  communication concept on the  OLS o rb i t  s e l ec t ion  
was invest igated,  
t h a t  two concepts a re  primary choices: 
For t h e  OLS a t  60 n m i ,  t he  s a t e l l i t e  or'bit radius i s  2750 n m i  
The r e s u l t s  a re  summarized i n  Figure 2-15 and ind ica te  
1, Equator ia l  OLS w i t h  polar  s a t e l l i t e s  
2,  Polar OLS w i t h  equator ia l  s a t e l l i t e s  
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Figure 2-13, C o m m u n i c a t i o n  L i m i t a t i o n s  
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Figure 2-14. S a t e l l i t e - t o - S a t e l l i t e  Relay Concept 
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Although t h e  l a t t e r  choice i n  i tem 2 has l e s s e r  absolute coverage, 5% i s  
preferred because it provides b e t t e r  coverage a t  lower and medium l a t i t u d e  
regions e 
Another concept i s  the  bas i c  s a t e l l i t e  r e l a y  concept shown i n  Figure 
2-16. Although temporary communication gaps (e,g. about one hour maximum 
f o r  60-11 m i  OLS a l t i t u d e )  occur during pa r t i cu la r  OLS/surface s i t e  posi t ions,  
t h e  concept has t h e  advantage of s impl ic i ty ,  Basical ly ,  t he  same conclusions 
obtained above f o r  t he  s a t e l l i t e - t o - s a t e l l i t e  r e l a y  concept apply to t h e  
s a t e l l i t e  r e l a y  concept e 
COMM 
SAT. 
/ 
Figure 2-16. S a t e l l i t e  Relay Concept 
The l i b r a t i o n  poin t  s a t e l l i t e s  a re  a l s o  candidates. The L2 l i b r a t i o n  
point  i n  Figure 2-17 ' i s  the  bes t  loca t ion  f o r  t h e  s a t e l l i t e s .  The only 
region t h a t  has no view of e i t h e r  t he  L2 s a t e l l i t e  o r  t h e  ea r th  i s  the  
polar  region on t h e  f a r  side.  A polar  i nc l ina t ion  has a s l i g h t  advantage, 
'because once-per-or'bit overpass communication i s  possible  f o r  t h i s  region 
with a po lar  or'bit OLS, 
The apparent conclusion i s  t h a t  the  l i k e l y  comraunications concepts 
have a s l i g h t  preference f o r  t he  polar  inc l ina t ion .  
2.2.8 Tug Landing Lighting Requirements 
The sun e leva t ion  angle during the  f i n a l  descent phase p r i o r  t o  touch- 
down i s  an important parameter t h a t  a f f e c t s  v i sua l  detect ion of protuberance 
o r  small c r a t e r  hazards t o  the  lander,  Too low an angle causes in su f f i c i en t  
i l luminat ion,  while t oo  high an angle r e s u l t s  i n  inadequate cont ras t  of surface 
fea tures ,  The Apollo LM cons t ra in ts  have been 5 t o  20 degrees sun elevation. 
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Figure 2-17. L2 S a t e l l i t e  Concept 
For landings from near equator ia l  o r b i t s ,  sun elevat ion angle cons t ra in ts ,  
i f  imposed, can be met by  se l ec t ing  t h e  proper time of t h e  lunar day t o  make 
t h e  descent, Therefore, t h e  landing opportunities are frequent ( a t  l e a s t  
once every 28 days). 
On t h e  other hand, opportunities f o r  coplanar landings t o  low-altitude 
The ( a )  po r t ion  of Figure 2-18 s i t e s  from a po la r  o r b i t  i s  more constrained. 
shows the  po la r  o r b i t  and pos i t i on  of t h e  moon with respect  t o  t h e  sun during 
one quarter of a year. The f igu re  shows t h a t  co-planar landing t o  an equa to r i a l  
s i t e  i s  constrained t o  t h e  time between pos i t i on  1 and 2 i f  t h e  Apollo LM 
cons t ra in ts  a r e  irrrposed; and more spec ia l ly ,  it i s  l imi t ed  t o  four  15-day 
windows during the  e n t i r e  year. This i s  shown i n  t h e  ( b )  po r t ion  of Figure 
2-18 
of landing-site l a t i t u d e  and sun elevat ion angle li-mits. 
where the  annual landing window from po la r  o r b i t  i s  given as funct ion 
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I f  t h e  tug-lander limits can be relaxed t o  45 degrees maximum, t h e  
annual window f o r  low-lati tude s i t e s  increases markedly t o  four  40-day periods 
For medium l a t i t u d e s  (30 degrees t o  60 degrees),  two wide windows of 130 t o  
160 days each w i l l  be ava i lab le  during the  year, 
polar  o r b i t  does not impose any s ign i f i can t  disadvantage. A separate  tug  
study i s  'being conducted with a guideline t h a t  the  t u g  w i l l  'be required t o  
land under any l i gh t ing  condition., Therefore, a po lar  o rb i t  OLS w i l l  not 
s i g n i f i c a n t l y  r e s t r i c t  t ug  landing opportunities.  
Under these  conditions,  t h e  
2 ,3  ORBIT ALTITUDE SELECTION 
2.3.1 Cislunar Shu t t l e  LO1 Perilune 
Select ion of a lower bound of the  OLS o rb i t  a l t i t u d e  should include 
consideration of t he  c i s lunar  s h u t t l e  lunar o rb i t  i n se r t ion  (LOI) technique 
and associated lunar approach hyperbola per i lune a l t i t u d e  s e n s i t i v i t y  t o  mid- 
course correct ion e r rors .  
A s m a l l  plane change a t  LO1 (up t o  about 15 degrees) can be accommodated 
w i t h  only a small performance penal ty  by an optimized s ingle  impulse LO1 
maneuver, This optimized maneuver r e s u l t s  i n  a preperiapsis  i n se r t ion  i n  which 
the  required per i lune a l t i t u d e  of t he  approach hyperbola is  l e s s  than  t h e  
c i r cu la r  o r b i t  a l t i t ude .  Consequently, t he  c i r c u l a r  o rb i t  a l t i t u d e  must be 
high enough t o  perrnit some f l e x i b i l i t y  i n  the  per i lune  a l t i t u d e  of t h e  lunar  
approach hyperbola. Large plane changes a t  LO1 require  a three-impulse LO1 
technique i n  which t h e  f i r s t  maneuver involves a nonperiapsis i n se r t ion  i n t o  
an e l l i p t i c a l  o rb i t  having a per i lune a l t i t u d e  equal i n  magnitude t o  the  f i n a l  
c i r cu la r  o r b i t  a l t i t u d e .  The per i lune a l t i t u d e  of t h e  approach hyperbola i n  
t h i s  case, however, i s  g rea t e r  than the  c i r c u l a r  o r b i t  a l t i t ude .  
Midcourse correct ions during cis lunar  f l i g h t  w i l l  r e s u l t  always i n  some 
res idua l  errors i n  per i lune a l t i t u d e  of t h e  approach hyperbola, and allowance 
f o r  t h i s  must .be provided such t h a t  a lunar f lyby  w i l l  be assured i n  the  event 
of a propulsion system ign i t ion  f a i l u r e  a t  LOI. 
Apollo s tud ies ,  which u t i l i z e d  a 60-11 mi o rb i t  a l t i t u d e ,  provided f o r  
optimization of the  LO1 maneuver within a cons t ra in t  of 40 n m i  minimum 
peri lune a l t i t u d e  f o r  the  approach hyperbola. This allowed s u f f i c i e n t  
tolerance on per i lune a l t i t u d e  f o r  e r ro r  incurred a t  t he  f i n a l  midcourse 
maneuver 
Based on the  above considerations,  any s ign i f i can t  reduction from 
60-11 m i  c i r c u l a r  o rb i t  a l t i t u d e  i s  not recommended. 
2.3.2 Apolune of Ascent Insert ' ion Orbit  
The technique u t i l i z e d  f o r  ascent f r o m t h e  lunar  surface i n  Apollo 
f l i g h t s  involves a powered ascent burnout a t  per i lune of a 10 x 30-n mi e l l i p s e .  
Burnout a t  s l i g h t l y  excess of c i r cu la r  o r b i t  ve loc i ty  provides a bias t o  allow 
for a s l i g h t l y  premature cutoff without r e su l t i ng  i n  an impact e l l i p s e .  Pay 
reduction f r o n  the  30-11 mi peri lune a l t i t u d e  i s  not recommended, The remainder 
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of the  ascent f l i g h t  p r o f i l e  involves four  burns, t h e  second of which involves 
in se r t ion  i n t o  a c i r c u l a r  phasing o rb i t  a t  a spec i f ied  a l t i t u d e  increment, 
nominally 1.5 miles, below the  t a r g e t  o r b i t  a l t i t u d e .  A t a r g e t  o r b i t  a l t i t u d e  
of 30 n mi would reduce t h e  a l t i t u d e  increment f o r  t he  phasing or'bit t o  zero 
and reduce t h e  associated l i f t o f f  window t o  a s ingular  point .  
o r b i t  a l t i t u d e  of 40 n m i  would allow an adequate a l t i t u d e  increment of 10 
n mi for t h e  concentric phasing o rb i t  and appears t o  be a p r a c t i c a l  lower 
limit on OLS o r b i t  a l t i t u d e  from t h e  standpoint of t h e  ascent f l i g h t  p r o f i l e  
and l i f t o f f  window. 
A t a r g e t  OLS 
, t I 
2 (I 3.3 Orbit  Per turbat ion 
The e f f e c t  of i n i t i a l  c i r c u l a r  or'bit a l t i t u d e  on the  subsequent 
va r i a t ion  i n  per i lune a l t i t u d e  caused by  the  lunar g rav i t a t iona l  p o t e n t i a l  i s  
i l l u s t r a t e d  f o r  a polar  o rb i t  i n  Figure 2-19. Although the  L-5 andR-2 data 
d i f f e r  f o r  an i n i t i a l  a l t i t u d e  of 60 n m i ,  t h e  L-5 data  f o r  a l t i t u d e s  of 40, 
60, and 100 n m i  suggest t h a t  t he  r a t e  of o r b i t  per turbat ions i s  not a f a c t o r  
i n  se l ec t ing  the  i n i t i a l  o r b i t  a l t i t u d e .  
100 
L-5 
Figure 2-19. Polar Lunar Orbit Perturbations 
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2.3.4 
An analysis  was conducted t o  determine the  optimum lunar  o r b i t  a l t i t u d e  
with the  considerat ion t h a t  t h e  c i s lunar  s h u t t l e  payload increases  with 
a l t i t u d e  and t h e  tug  lander performance decreases with a l t i t u d e .  
The tug weight cha rac t e r i s t i c s  used i n  t h i s  analysis  are  presented i n  
Figure 2-20 as a funct ion of propel lant  capacity. A t y p i c a l  tug  s o r t i e  
down and up payload of 26,330 pounds and 17,125 pounds respec t ive ly  was used. 
Descent and ascent d e l t a  V requirements f o r  t h i s  t y p i c a l  mission a re  shown i n  
Figure 2-21. 
propel lant  requirements were determined as a func t ion  of OLS o r b i t  a l t i t u d e  
(Figure 2-22). 
Based on the  previously mentioned data ,  t h e  OLS-based tug  
Total  Stage Weight Including F??opulsion Module, 
In te l l igence  Module, and Landing Gear / 
,,/ 
In te l l igence  Module 
Landing Gear 
Engine Assembly ( 4  H i  P, Engine) 
____cc 
I B 
1 20 40 60 80 100 
Main Propellant Weight, 1000 l b  
Figure 2-20 Tug-Lander Stage Weight 
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8000 
7600 
7200 
6800 
6400 
6000 . 
Descent t o  Lunar Surface 
Through 5O,OOO ft Perilune 
A s  cent t o  Alt i tude 
Through 10 N M i  Perilune 
b 
0 100 200 300 400 500 
ALTITUDE ( N  M I )  
Figure 2-21. Delta V Requirements To and From 
Indicated Circular  Lunar Orbits 
50 
a 
8 40 
5 30 
4 
0 
r( 
n 
4 
4 1 20 
E- 10 
n 
3@ 
0 
0 50 100 
OLS ALTITUDE, N M I  
Figure 2-22, Tug Size  vs. OLS Alt i tude 
Down PLD = 26,330; Up PLD = 17,125 lb 
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The c i s lunar  s h u t t l e  performance cha rac t e r i s t i c s  t h a t  were used were an 
LH2 propel lant  s tage  (290,880 pounds useable) powered by a 75,000-pound thrust  
825-second spec i f i c  impulse NERVA engine. 
i n  LO1 and TEI d e l t a  V were derived and are  p l o t t e d  i n  Figure 2-23. A s  
shown, the  RNS payload decreases by 27 pounds and 17 pounds f o r  every foot-per- 
second increase i n  LO1 and T E I  d e l t a  V ' s ,  respect ively.  An outbound payload 
of 123,000 pounds was assumed; 13,400 pounds was t h e  assumed re tu rn  payload. 
The LO1 d e l t a  V i s  given i n  Figure 2-24. A coplanar TEI was assumed, and, 
therefore ,  t h e  T E I  d e l t a  V values a re  equal t o  the  LO1 d e l t a  V's. The RNS 
outbound payload as  a funct ion of lunar o rb i t  a l t i t u d e  was determine and i s  
shown i n  Figure 2-25. 
The changes i n  payload pe r  change 
I 
30 
v1 
PI 
k 
\ 
5 20 
g 10 I 
n 
E- a 
cg 
\ 
CD I 
n 1 
I 
0 
1000 pounds 123,000 lb outbound/ 
13,400 lb r e tu rn  
Figure 2-23. Effect  of Delta V on RNS Payload Capabi l i ty  
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Figure 2-24, Coplanar Lunar Orbit  In se r t ion  Delta V 
I I a 
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OLS ALTITUDE, M MI 
Figure 2-25, RNS Outboard Payload vs. OLS Alt i tude 
Return Payload = 13,400 l b  
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Of t h e  t o t a l  payload del ivered t o  lunar  o r b i t ,  about 55 percent i s  
propel lant  f o r  t he  tug  landers ,  Figure 2-26 shows t h e  
n m i e r  of t ug  lander missions t h a t  can be performed w i t h  t h e  propel lant  
del ivered by an RNS. 
t h e  lower a l t i t u d e  o rb i t s .  
(See Sect ion 7 .0 )  
The r e s u l t s  ind ica te  t h a t  a s l i g h t  preference i s  given 
(55% of RNS Payload i s  Tug Propellant) 
0 50 100 150 
OLS ALTITUDE, N M I  
Figure 2-26, Ef fec t  of OLS Alt i tude on Combined EO t o  LO Logis t ics  
and Lunar Landing Mission Logis t ics  
2.3.5 O r ' b i t  Science 
A l l  candidate experiments planned t o  be conducted on t h e  OLS a re  
compatible with a 60-11 m i  a l t i t ude .  
d i f f e ren t  a l t i t u d e s  a l s o  require  separat ion from the  OLS. 
The only experiments t h a t  require  
2 ,4  ORBIT ECCENTRICITY SELECTION 
A c i r c u l a r  o rb i t  i s  se lec ted  f o r  t he  OLS, No advantage f o r  an 
eccent r ic  o r b i t  has been iden t i f i ed ,  and three  apparent disadvantages a r e  
noted as follows: 
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1. 
2. 
3. 
Only a s m a l l  p o s s i b i l i t y  e x i s t s  t h a t  t h e  per i lune of t h e  OLS 
o r b i t  w i l l  be located near t h e  pos i t i on  of t h e  per i lune of 
t h e  incoming (or  outgoing) hyperbola a t  t h e  time required 
by t h e  c i s lunar  orbi t - to-orbi t  t r a n s f e r  windows ( t h i s  w i l l  
degrade c i s lunar  s h u t t l e  performance because of i ne f f i c i enc ie s  
associated with performing LO1 o r  TEI a t  other po in ts  on t h e  
e l l i p s e )  e 
Based on Apollo missions, it i s  desired t h a t  f o r  rendezvous 
t h e  t a r g e t  o r b i t  ( i n  t h i s  case,  t h e  OLS) be near ly  c i r cu la r .  
The majority of t h e  o r b i t a l  experiments a re  b e t t e r  performed 
i n  c i r cu la r  o rb i t .  
2.5 LUNAR ORBIT HEATING 
Thermal Environment i n  Lunar Orbi t  
The thermal environment of a spacecraf t  i n  lunar o rb i t  i s  a f fec ted  by 
i t s  o r i en ta t ion  i n  o r b i t ,  ex te rna l  surface proper t ies ,  shape and s i z e ,  and by 
t h e  parameters of t h e  o rb i t .  I n  t h i s  study, heating was computed f o r  approxi- 
mately 40 cases t o  supplement t h a t  used i n  the  Apollo, ALEM, and Skylab 
programs. Pa r t i cu la r  a t t en t ion  was pa id  t o  polar  c i r cu la r  and e l l i p t i c a l  
o r b i t s  with f ixed  a t t i t u d e s  and ro t a t ions  which might be used i n  a r t i f i c i a l - g  
operations e 
To enhance t h e  capaci ty  for computing these  heating r a t e s ,  computer 
.program YEOOO7, described i n  SD 69-507, "Space Vehicle Thermal Environment 
Program," was extensively checked out and modified, The primary modification 
was to i n s e r t  an option which allows input of o r b i t a l  parameters with reference 
t o  the  lunar  subsolar po in t ,  This, i n  tu rn ,  permits a b e t t e r  v i sua l i za t ion  of 
t h e  important sun-to-orbit plane angle ( B ). 
shown i n  Figure 2-27. 
A schematic of t h i s  system i s  
2,5.2 Effec ts  of Orbi t  Alt i tude and Inc l ina t ion  
Figure 2-28 shows the  e f f e c t s  of o rb i t  a l t i t u d e  and inc l ina t ion  on t h e  
incident  heating t o  a lunar  spacecraf t .  The heating r a t e s  a re  averaged over t h e  
o r b i t  f o r  a cy l ind r i ca l  vehicle;  ends neglected, P lo t ted  on the  l e f t  a r e  
a l t i t u d e  e f f e c t s  with t h e  longi tudina l  axis of t h e  vehicle f ixed  along t h e  
ve loc i ty  vector.  When t h e  subsolar point  i s  overflown ( 6 = O o ) ,  t o t a l  average 
heating i s  moderate because t h e  time spent i n  t h e  moon's shadow i s  maximized; 
but  i n f r a red  (IR) heating i s  high because the  c r a f t  i s  passing over the  ho t t e s t  
point  on t h e  moon's surface.  Both r a t e s  decrease s l i g h t l y  as a l t i t u d e  increases  
f o r  t h i s  or ien ta t ion ,  = goo), 
t o t a l  heating i s  r e l a t i v e l y  high because there  i s  no shadowing; bu t  lunar  IR 
i s  negl ig ib le .  Here t h e  heating r a t e s  a re  in sens i t i ve  t o  a l t i t u d e ,  A t  an 
intermediate angle ( e ,g , ,  
d i r e c t l y  with the  a l t i t u d e  because the  percentage of time t h a t  t h e  spacecraf t  
i s  shadowed decreases. This t r end  continues u n t i l  t h e  o r b i t  completely emerges 
from the  moon's shadow, Further increases  i n  a l t i t u d e  s l i g h t l y  decrease the  
t o t a l  heating due t o  diminished IR heating, 
When t h e  terminator i s  constant ly  overflown ( 6 
6 = TO0) t h e  t o t a l  average heating increases  
P lo t ted  on t h e  r i g h t  i n  Figure 2-28 
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a r e  inc l ina t ion  e f f ec t s  with the  o rb i t  ground t r ack  passing through the  
terminator/equator i n t e r sec t ion  ( fl = i nc l ina t ion )  e The OLS a t t i t u d e  modes 
assumed are  depicted i n  Figure 2-29. For t h e  f ixed  or ientat ions the  t o t a l  
average heating increases u n t i l  t h e  maximum condition of no o rb i t  shadowing 
i s  reached, From thereon, increasing t h e  inc l ina t ion  decreases t h e  heating 
u n t i l  t he  polar-terminator condition ( p = 90") i s  a t ta ined ,  The pa r t i cu la r  
ro t a t ing  case which i s  p l o t t e d  ( r o t a t i o n a l  ax is  f ixed  toward the  moon, case 
M I1 T of Figure 2-29) 
t h a t  t he  cyl inder  i s  r o t a t i n g  through two primary or ien ta t ions ,  one of which 
receives genera l ly  increased t o t a l  heating a t  higher inc l ina t ions  while t h e  
other o r i en ta t ion  i s  a "cold" case., On t h e  average, t h i s  ro t a t ion  r e s u l t s  i n  
a general  decrease i n  heating as i nc l ina t ion  increases .  Two general  conclu- 
sions can 'be drawn from Figure 2-28: 
i l l u s t r a t e s  a reverse trend. This i s  due t o  t h e  f a c t  
1. Independently, ne i ther  a l t i t u d e  nor inc l ina t ion  has an 
overriding e f f e c t  on o r b i t a l  heating 
2. For lunar o r b i t s ,  the  hot design case f o r  t h e  spacecraf t  
as a whole w i l l  occur a t  t he  lowest angle which allows 
in so la t ion  throughout t he  o rb i t  (no shadowing) 
Tables 2-1 through 2-4 present s ign i f i can t  o r b i t a l  heating data 
computed f o r  t h i s  study. The pronounced e f f ec t s  of and of vehicle  
a t t i t u d e  on the  heating can be seen i n  t h e  tabula ted  data and i n  Figure 2-28. 
Th i s  i s  p a r t i c u l a r l y  t r u e  a t  high values of 0 , where Figure 2-28 shows 
t h a t  t he  difference between the  cold and hot design cases for t he  cylinder i s  
due t o  a t t i t u d e  alone. 
2.5.3 Or'b i t Pertur'b a t  i on 
The heating t o  a spacecraf t  can remain r e l a t i v e l y  s teady over a long 
per iod of time despi te  per turba t ion  of t he  o r b i t a l  parameters 'by t h e  lunar  
mascons. 
plus  known or 'bi ta l  motion r e l a t i v e  t o  t h e  subsolar po in t  based on t h e  L-1 
lunar g rav i t a t iona l  p o t e n t i a l  model, heating was computed f o r  an a t t i t u d e  
s t a b i l i z e d  spacecraf t  a t  severa l  times during an 8-week period of po lar  o rb i t .  
These heating r a t e s  were used t o  p l o t  Figure 2-30 which demonstrates t h e  
s teady nature of t he  incident  heating. It should be noted t h a t ,  although a 
genera l ly  high l e v e l  of heating i s  depicted i n  Figure 2-30, a cold environ- 
ment could r e s u l t  f o r  weeks i n  a near po lar  terminator s i t u a t i o n  b y  a l t e r i n g  
the  assumed a t t i t u d e  of t h e  vehicle t o  maintain the  longi tudina l  ax is  of t he  
vehicle coincident with t h e  so l a r  vector. 
S t a r t i n g  with a 60-11 -mi c i r cu la r  o rb i t  and using per turbat ion e f f e c t s  
2,5.4 
For long duration lunar or'bit f l i g h t s ,  periods of shadowing due t o  
ec l ipses  of t he  sun by t h e  ea r th  must be considered, Some form of s o l a r  
ec l ipse  occurs i n  the  v i c i n i t y  of t h e  moon about every 177 days. Maximum 
continuous shadow periods f o r  a spacecraf t  i n  a 60-11 m i  c i r cu la r  o r b i t  of 
210 rninutes a re  possible  i n  a "deep" ecl ipse.  Figure 2-31 depicts  various 
ec l ipse  types and shows f o r  a sample ec l ipse  how t h e  OLS continuous shadow 
period var ies  as a func t ion  of o r b i t a l  occul ta t ion  ( @ ) and a l t i t u d e ,  
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AXIS F IXED RELATIVE TO THE SUN 
F IXED 
axis L 
sun and 
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Tumble or Tumble or roll 1-1 Tumble or ro l l  
roll axis I to 
sun and parallel to equator with sun 
with equator 
axis -L to sun and axis parallel 
Figure 2-29, Lunar Orbi t  Heating, Basic F l igh t  Att i tudes 
2-33 
SD 71-207 
Table 2-1. Circular Orbits - Vehicle Axis Fixed Toward Moon 
Attitude 
@ 
Incident Heat Flux (Btu/ft2-hr) Heating 0 Rate E - 
Alt. i Rs Comments Point @ Cylinder @ 
(n mi) (des) (deg) Max.Total IMin.Total Total I Emission (lo3 Btu/hr 
Orbit Constants 0 
148 
142 
142 
142 
141 
102 
102 
102 
97 
142 
' 51 
51 
51 
45 
78 
68 
68 
68 
61 
20 90 
M I  60 90 ,  
100 90 
43*, 13 7 
70 3 04 2 119 22 - 
70 400 0.7 151 19 - 
70 415 0.2 155 17  - 
20 90 
M I  60 90 
60 90 
100 90 
M Ill 60 90 
- 
100 91.6 
140 I 51 
90 
90 
90 
90 
90 
90 
198 
183 
116 
79 
- 
140 
140 
140 
140 
Orbit Angle (,!3 1 = 34 deg @ 
3 
3 
3 
3 
dS/€ = 0.5/0.9 
d s / G  = 0.2/0.9 
true / = 88.4 
true 1 = 90.0 
425 
424 
424 
424 
0.3 
0.1 
0.1 
0 
175 
55 - 
12,444" 2*, 4 7 3 
3*6,443/ 0 1 1.4 1 1.4 11*0,;19* 
@ Refer to Figure 2-29 
@ Refer to Figure 2-27 
@ Unless noted: d/t= 0,9/0,9, solar distance = 1.0 * U r n ,  declination of sun 6; =-11.6 deg 
@ 
@ 
@ a 
Average over orbit, *denotes point on end of cylinder 
Average over orbit for entire cylindrical area. Emission is from lunar surface 
Met heating (absorbed - reradiated) to 60 mil bumper (D = 33 feet, L = 35 ft) 
Nominal ,5 angles (effect of non-zero ds not considered 
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Orbit Constants @ 
Table 2-2, Circular Orbits - Vehicle Axis Fixed Toward Sun 
incident Heat Flux (Btu/ft2-hr) 
Attitude 
8 
_ -  
_ _  Point @ Cylinder 6) 
0 A,t, . ' Com me nts 
(n mi) (deg) (deg) Max, Total /Min, Total Total 1 Emission 
S i  
s !I 
s 111 
Orbit Angle ( f  1 = 45 deg 
20 90 0 Rs=0.98, 8 , = 0  2 41 58*, 62 155 62 
60 90 0 Rs=0.98 ,  JS=O 2 75 45*,52 142 53 
100 90 0 Rs=0.98, J s = O  291 34*,45 141 47 
60 90 0 2 85 51*,62 141 49 
60 90 2 65 13 7 51  
__ 
- 
50 I I 
s S I  100 90 64.6 460 5 167 20  
0,9/0.9, solar distance = 1.0 AU, declination of sun as =-P,b deg 
verage over orbit, *denotes point on end of cylinder 
entire cyliradrical area, Emission is from Iumr surface 
s I I  60 80 90 462 5 165 
R s  = 0,98, 6 ,  = +1,3 4 55 5 162 
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Orbit Constants 
b =  R s  @ 
(deg) 
Incident Heat Flux (Btu/ft*-hr) Heating 
Attitude Comments @ Rate 
Point @ Cylinder @ 0 I (ld Btuhr  
0 
70 
90 
Emission 
2 09 
Max. Total .Mine Total Total 
M I I  T 141 109 124 
M II T 149 48 111 
M I1 T 134, 145" 4 88 
@ 
@ Refer to Figure 2-27, 
@ 
@ 
@ 
@ 
A l l  orbits are 60 n m i  altitude, inclination 90 degrees. Refer to Figure 2-29. 
Unless noted:&& = 0.9/0.9, solar distance = 1.0 AU, declination of sun 
Average over orbit, *denotes point on end of cylinder 
Average over orbit for entire cylindrical area. Emission is from lunar surface 
Net heating (absoubed - reradiated) to 60 m i l  bumper (D = 33 feet, L = 35 ft) 
As =-1.6 deg 
Table 2-4. Ell iptical Orbits - Vehicle Axis Fixed 
Attitude 
0 
M I  
s 11 
~ ~~ 
Orbit Constants @ Incident Heat Flux (Btu/ft2-hr) 
Comments @ Point @ Altitudes Orbit Angles (degl 
(n mi) P JLS 
4 0 x 8 0  5 355 
50 x 70 7 7  
5 0 x 4 0  19 19  
4 0 x 8 0  1.9 341 
4 0 x 8 0  58 238 
4 0 x 8 0  72 252 
5 0 x 7 0  84 276 
5 0 x 7 0  84 264 
@ Refer to Figure 2-29 
@ Refer to Figure 2-27. A l l  orbits have inclination = 90 degrees 
@ Unless noted: = 0.9/0,9, solar distance = 1.0 AU, declination of sun =-1.6 deg 
@ 
@ 
Average over orbit, * denotes point on end of cylinder 
Average over orbit for entire cylindrical area. Emission is from lunar surface 
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3,O CREW ACT 
3.1 SUMMARY 
OLS crew requirements are  synthesized based upon evaluat ion of required 
s k i l l s ,  func t iona l  r e s p o n s i b i l i t i e s ,  and time estimates of t he  various opera- 
t i o n  tasks  s 
ment schedule of Sect ion 4.0, Volume I ,  are  only sumar i zed  i n  t h i s  sect ion.  
S c i e n t i f i c  manpower requirements t h a t  were derived from t h e  experi-  
Based upon a r e l a t i v e l y  autonomous mode of operation (no continuous r e a l  
time mission support from e a r t h ) ,  t he  analyses ind ica te  t h a t  a crew of e ight  
i s  required,  Although organiza t iona l ly  the  crew makeup appears t o  be four  
s c i e n t i f i c  personnel and four  s t a t i o n  operations personnel, the  equivalent 
manpower d iv is ion  i s  f i v e  s c i e n t i f i c  and three  operational.  This crew time 
a l loca t ion  r e s u l t s  from the  analysis  of t a s k  times as wel l  as t he  se l ec t ion  
of and cross t r a i n i n g  i n  crew s k i l l s  t h a t  a re  proposed. 
3.2 CREW SYSTEM CRITERIA 
The crew operations s tudy object ive was t o  develop crew c r i t e r i a  and 
design requirements t h a t  avoid constraining t h e  achievement of f l e x i b l e  mission 
object ives  but  which a re  coapatible with crew heal th ,  sa fe ty ,  maximum s k i l l s  
used, and ove ra l l  sys t ea  effect iveness  a General requirements include t h e  
following c r i t e r i a  f o r  crew operations : 
1. The crew w i l l  be f r eed  of rou t ine  operations t o  the  g rea t e s t  
p r a c t i c a l  ex ten t  by t h e  use of automated systems. 
2 .  System and mission s t a t u s  w i l l  not necessar i ly  be t ransmit ted 
t o  the  ground on a real-t ime bas i s .  
3. Crew r e s p o n s i b i l i t i e s  w i l l  include: 
a. Checkout and s t a t u s  monitoring of onboard subsystems 
b. Faul t  i so l a t ion ,  maintenance ca l ib ra t ion ,  and r epa i r  of 
and experiments 
onboard subsystems and experiments and other equipment 
e.  Spares and expendables, inventory and control ,  and 
configuration management 
d. Monitoring and control  of experiment a c t i v i t i e s ,  
evaluat ion and e d i t i n g  of raw data  t o  de le te  non- 
s i g n i f i c a n t  information, onboard data  processing 
and da ta  reduction as required,  and assignment of 
transmission p r i o r i t i e s  and modes 
e ,  Safety,  damage control ,  cor rec t ive  ac t ion ,  and 
escape 
3-1 
SD 71-207 
f .  Command and cont ro l  of t h e  space s t a t i o n ,  including 
d a i l y  scheduling of operations,  experiment and 
appl ica t ion  a c t i v i t i e s ,  work, r e s t  and recrea t ion  
cycles,  and the  assigning of crew dut ies  
g. Guidance, navigation, and control  of space s t a t i o n ,  
eo-orbit ing experiment modules, and t h e  terminal 
rendezvous and docking phases of both manned and 
unmanned l o g i s t i c s  and lunar  surface s o r t i e s  u t i l i z i n g  
an OLS-based space tug with a four-man crew. 
Operational considerations a l so  influence t h e  crew complement. A 
lunar  surface s o r t i e  crew of four  was se lec ted  pr imar i ly  t o  permit a two-man 
buddy system during a l l  surface operations. During s o r t i e s  onboard OLS tasks  
require  the  equivalent of th ree  men f o r  operations support and one man f o r  
s c i e n t i f i c  support functions.  A t  l e a s t  one of t he  crewman remaining on t h e  
OLS must be capable of operating t h e  tug i n  the  event t h a t  a rescue of t h e  
s o r t i e  crew i s  required. 
3.3 CREW SKILLS 
Based on an ana lys i s  of t h e  crew s k i l l s / s p e c i a l t i e s  required for t h e  
normal operation of a space s t a t ion ,  the  s k i l l s / s p e c i a l t i e s  shown i n  Table 
job assignment and s k i l l s  mix i s  a l s o  shown. 
exceptions i s  shown w i t h  backup by another crew member. I n  the  case of t h e  
medical s k i l l ,  backup would be f i r s t - a i d  t r a i n i n g  f o r  a l l  crewmen. The cook- 
d i e t i c i a n  s k i l l ,  because of t he  l imi ted  number of OLS crewmen and t h e  require- 
ment f o r  as much frozen and prepared prepackaged food as is  consis tent  with 
the  d i e t a ry  needs of t h e  onboard crew, precludes t h e  necessi ty  f o r  backup 
coverage. However, i n  t he  i n t e r e s t s  of holding down crew time spent i n  ga l l ey  
operations,  it i s  mandatory t h a t  overa l l  r e spons ib i l i t y  f o r  t h i s  funct ion be 
s p e c i f i c a l l y  assigned. The cook-dietician and medical s k i l l s  have been 
combined i n  one job assignment; namely, t h e  s t a t i o n  operations a s s i s t an t .  
3-1 appear t o  caver the  bas ic  needs f o r  OLS s t a t i o n  operations. A t en t a t ive  
Each s k i l l / s p e c i a l t y ,  with two 
Because of t he  reduced number of OLS crewmen as compared t o  the  12-man 
EOSS crew, t h e  'basic spec ia l ty  under one job assignment may necess i ta te  some- 
what  more cross- t ra ining and the  se l ec t ion  of personnel with a broader back- 
ground than i s  normal f o r  s p e c i a l i s t s  and technicians i n  such bas i c  areas as 
e lec t ronics  and electromechanical f i e l d s .  A graduate engineer with extensive 
maintenance and t e s t  experience would seem most appropriate.  
3.3.1 
OLS crew re spons ib i l i t i e s  as r e l a t ed  t o  overa l l  lunar  operations 
except f o r  de t a i l ed  experiment work, which i s  discussed i n  Sect ion 4,0, Volume 
I, i s  shown i n  Table 3-2, 
m a j  or funct ions shown beginning with s t a t i o n  abn in i s t r a t ion  and control .  
The discussion t h a t  follows evaluates each of t he  
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e The experiment crew and space tug  
commander a re  included under separate  columns (Table 3-2) t n  show the  
r e l a t ionsh ip  of t h e  s t a t i o n  operations r e s p o n s i b i l i t i e s  for t he  e n t i r e  crewB 
The attempt here i s  t o  ind ica t e  t h e  primary functions t h a t  each crewman i s  
responsible f o r  and t o  show those functions f o r  which he suppl ies  backup and 
support capab i l i t i e s .  I n  the  case of t h e  commander, the  space tug  commander 
provides t h e  backup f o r  t h e  ove ra l l  OLS command, adminis t ra t ive,  and f l i g h t  
operations functions.  Also, t h e  tug  commander i s  responsible f o r  tug crew 
safe ty ,  tug  operations, and as lunar  surface mission commander and experiment 
coordinator. He i s  p ro f i c i en t  i n  e lec t ronics  engineering with f u l l  f l i g h t  
t ra in ing .  A s  an e lec t ronics  engineer he provides backup f o r  t h e  e lec t ronics  
s p e c i a l i s t .  
If an emergency rescue of t h e  lunar  surface crew becomes necessary, 
t h e  e l ec t ron ic  s p e c i a l i s t  would provide t h e  l imi ted  backup necessary f o r  OLS 
f l i g h t  operations while t h e  s t a t i o n  commander i s  out on t h e  rescue mission i n  
t h e  space tug. The design f o r  systems autonomy makes t h i s  concept f eas ib l e  
with a l imi ted  amount of t r a i n i n g  f o r  t he  backup crewman. 
Crew care and scheduling, food management, and contamination cont ro l  
zre  major r e s p o n s i b i l i t i e s  of t he  s t a t i o n  operations a s s i s t a n t  whose bas i c  
s k i l l  i s  t h a t  of a medical corpsman. 
A l l  OLS crewmen s h a l l  be capable of carrying out regular  EVA/IVA 
assignments using the  f u l l  extramobil i ty  u n i t  (EMU) as  required f o r  surface 
operations including rescue of stranded or in jured  crewmen. A l s o ,  they  must 
be able t o  a s s i s t  i n  whatever EVA/IVA maintenance operations t h a t  may 'become 
necessary. 
s o r t i e s ,  it i s  mandatory t h a t  all OLS crewmen be t r a ined  and f u l l y  capable of 
going EVA e i t h e r  as an ac t ive  performing member o r  as the  backup crewman 
('buddy system) capable of emergency rescue. 
Because of t h e  small number of crewmen and t h e  28-day lunar surface 
Maintenance. A l l  maintenance operations break down i n t o  three  major 
areas;  namely, rou t ine  or those maintenance t a sks  required on a d a i l y  bas i s ;  
scheduled o r  those maintenance tasks  required on a regular  per iodic  bas i s  other  
than da i ly ;  and unscheduled or those maintenance tasks  r e su l t i ng  from random 
f a i l u r e s .  I n  a l l  cases the  prime r e spons ib i l i t y  has been delegated t o  t h e  two 
s p e c i a l i s t s  f o r  t h e  s t a t i o n  and t h e  tug cOmtna,nder f o r  lunar  surface tug  
operations,  The s t a t i o n  commander provides systems engineering backup, and 
the  tug commanded provides e l ec t ron ic  systems backup both i n  systems knowledge 
and physical  labor  i f  t h e  need a r i s e s ,  The s t a t i o n  operations a s s i s t a n t  
provides maintenance support f o r  l i f e  support systems f o r  which he has r e l a t e d  
s k i l l s  and knowledge e 
The s t a t i o n  operations a s s i s t a n t  has the  primary 
r e spons ib i l i t y  f o r  food preparat ion,  menu scheduling, ga l l ey  operation, and 
s t a t i o n  c leanl iness  and contamination cont ro l  because of h i s  r e l a t e d  medical 
'background. He a l s o  i s  responsible f o r  cargo handling, s torage of cargo, and 
t r a s h  disposal ,  A l l  other crewmen must provide support as  needed i n  each of 
t h e s e  housekeeping areas ,  as ind ica ted  i n  Table 3-2, Also, each crewman i s  
responsible f o r  t he  c leanl iness  of h i s  own stateroom. 
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To more c l e a r l y  def ine t h e  s k i l l s  and s p e c i a l t i e s  se lec ted  f o r  OLS 
operations,  a b r i e f  descr ip t ion  of t he  bas i c  s p e c i a l t y  and t h e  supporting 
s k i l l s  needed f o r  adequate coverage of OLS operat ional  crew requirements i s  
presented i n  the  following paragraphs. S c i e n t i f i c  crew requirements a re  
discussed i n  Sect ion 4,0, Voluue I. 
S t a t i o n  Co-mander. This s p e c i a l t y  requires  a degree i n  systems or 
aeronaut ical  engineering with spec ia l  emphasis on electromechanical and f l u i d  
subsystems and equipment operation and maintenance e It requires  qua l i f ica t ions  
as  a high-performance a i r c r a f t  o r  spacecraft  p i l o t  and a l s o  management and 
command capa 'bi l i t ies  t o  assume overa l l  OLS command and operation and provide 
f o r  the  s a f e t y  of t he  crew. 
F l igh t  s k i l l s  a re  needed f o r  s t a t i o n  o rb i t  operations concerned with 
a t t i t u d e  control ,  o r b i t a l  makeup, rendezvous and docking, and f o r  monitoring 
and a s s i s t i n g  other incoming and outgoing spacecraf t .  
f l i g h t  s k i l l s  also apply t o  space tug or'bit operations and must include lunar  
landing requirements f o r  'both manned and unmanned space tugs , 
tug operations would be conducted from t h e  OLS c o n t r o l e n t e r .  
The previously mentioned 
The unmanned 
e This spec ia l ty  requires  a background very s imi la r  
t o  the  commander's, except t h a t  h i s  bas i c  spec ia l ty  should be a degree i n  
e i t h e r  e l e c t r i c a l  or e lec t ronics  engineering w i t h  spec ia l  emphasis on e l ec t ron ic  
systems. Combining an e lec t ronics  background with f l i g h t  s k i l l s  provides the  
backup needed f o r  s t a t i o n  operations f r o m t h e  aspect of command, f l i g h t ,  and 
systems requirements. The f l i g h t  and command s k i l l s  a l s o  cover space t u g  
requirements f o r  t he  28-day lunar  surface s o r t i e s .  Also, t he  e lec t ronics  
'background would be applicable t o  t he  experiment equipment operations e 
a This s p e c i a l t y  requires  a degree i n  
mechanical or aeronaut ical  engineering with spec ia l  emphasis on e lec t ro-  
mechanical and f l u i d  subsystems, w i t h  extensive experience i n  systems t e s t  
and maintenance operations.  With t h i s  spec ia l ty  r e s t s  t he  primary responsi- 
' b i l i t y  f o r  maintenance and operation of a l l  OLS e l e c t r i c a l  e lec t ronic  systems, 
which includes assembly, disassembly, checkout, t e s t  and ca l ib ra t ion ,  This 
spec ia l ty  provides l i -ni ted support f o r  s i - d l a r  experiment equipment subsystems e 
Electronics  S p e c i a l i s t ,  This spec ia l ty  requires  a degree i n  e lec t ronics  
engineering w i t h  spec ia l  emphasis on so l id - s t a t e  e lec t ronics  and power 
generation syste-ms, with extensive experience i n  systems t e s t  and maintenance 
operations 
With t h i s  s p e c i a l t y  r e s t s  t he  primary r e spons ib i l i t y  f o r  maintenance 
and operation of a l l  OLS e l e c t r i c a l  e lec t ronic  systems, which include assembly, 
disassenibly, checkout, t e s t  and ca l ibra t ion .  Th i s  spec ia l ty  provides l imi ted  
support for si-milar experiment subsystems. 
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Also associated with t h i s  s p e c i a l t y  a re  the  l imi ted  f l i g h t  operations 
s k i l l s  necessary t o  provide a l imi ted  backup capab i l i t y  f o r  t h e  OLS, when 
and if  t h e  commander should have t o  conduct an emergency rescue f l i g h t  t o  t h e  
lunar  surface t o  p ick  up a stranded 28-day lunar  s o r t i e  crew. 
e This spec ia l ty  requires  a t r a ined  
medical corpsman with addi t iona l  medical t r a in ing  t o  cover t h e  space 
environmental problems and cons t ra in ts  and t o  upgrade h i s  knowledge of heal th  
standards,  d i e t a r y  needs, and contamination cont ro l  as applied t o  OLS 
operations.  
One of the  primary r e s p o n s i b i l i t i e s  of t he  S t a t i o n  Operations Assistant 
i s  t o  provide f o r  t he  medical needs of t h e  OLS crew. A recent innovation i n  
the  medical world t h a t  u t i l i z e s  t h e  experience and t r a i n i n g  of Armed Services 
medical corpsmen a f t e r  completion of t h e i r  se rv ice  tou r  i s  helping t o  f i l l  a 
need i n  c i v i l i a n  medical coverage. This approach provides an exce l len t  means 
of extending medical care and services  t o  areas with too  few doctors or t o  . 
remote areas where the re  a re  nonea These medical corpsmen or Physicians 
Assis tants  (Reference 1) as they are  now ca l l ed  a re  given addi t iona l  t r a i n i n g  
t o  update t h e i r  se rv ice  t r a i n i n g  and t o  spec ia l ize  i n  the  medical services  
needed i n  t h e  demographic a rea  where they  w i l l  serve.  The Physicians 
Assis tant  i s  always under the  supervis ion of an MD though he may not necessar i ly  
be under d i r e c t  surve i l lance  because of h i s  remote locat ion.  
Crew se l ec t ion  t h a t  includes a thorough assessment of both physiological  
and phychological cha rac t e r i s t i c s  of every crewman chosen for lunar  operations 
makes these personnel a very s e l e c t  group t h a t  i s  much above the  norm i n  
physical  condition. Thus, u t i l i z i n g  a Physicians Assis tant  r a the r  than a 
f i l l - t ime  MD appears t o  be acceptable when the  following f ac to r s  a re  given 
cons idera t ion :  
1. The crewman's complete medical h i s to ry  and background gained 
during t h e  se l ec t ion  process and subsequent t r a in ing  
2 .  The required physical  conditioning f o r  each crewman p r i o r  
t o  f l i g h t  
3. The l imi ted  exposure of t h e  crewman due t o  the closed 
environment of t he  space s t a t i o n  
4. The r e l a t i v e l y  s h o r t  tours  of duty p re sen t ly  projected 
f o r  space s t a t i o n  operations ( e igh t  month's maximum) 
5. The requirement for autonomous operation with highly 
automated s t a t i o n  subsystems and experiment systems 
which, i n  turn,  lowers crew exposure t o  hazardous 
s i t u a t  i ons 
The Physicians Assis tants  who w i l l  be u t i l i z e d  f o r  OLS operations 
w i l l  need t o  be f ami l i a r  with current  space operations,  t he  medical equip- 
ment of h i s  duty s t a t i o n ,  and t h e  medical and emergency procedures associated 
with lunar  o r b i t a l  operations. Their performance capab i l i t i e s  must include 
the  following: 
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1. 
2. 
3.  
4. 
5. 
6. 
7. 
8. 
The use of X-ray equipment t o  determine t h e  extent  of i n j u r y  
The care  and su rg ica l  procedures necessary f o r  dressing 
open wounds 
The care  and treatment of sprains  and dis locat ions 
Care and treatment of simple f r ac tu res  and the  s t a b i l i z a t i o n  
and care of pa t i en t s  with compound f r ac tu res  p r i o r  t o  
receiving more comprehensive earth-based treatment 
Limited denta l  and per iodontal  care 
The adminis t ra t ion of medication f o r  pain,  minor ailments, 
and infec t ions  t h a t  may occur 
The preparat ion of an in jured  or s i c k  p a t i e n t  f o r  t ranspor t  
back t o  ea r th  
The diagnost ic  capab i l i t y  t o  provide h is  earth-based medical 
consultants wi th  t h e  b e s t  possible  descr ip t ion  of t h e  case 
(TV may 'be a g rea t  a i d  f o r  consul ta t ion purposes) 
U t i l i z a t i o n  of t h e  s t a t i o n  operations a s s i s t a n t  t h a t  has been t ra ined  
as a Physicians Assistant t o  support t he  day-to-day medical needs of t he  
crew appears t o  f u l f i l l  t h e  bas ic  requirements for OLS operations. 
3.4 ORGANIZATIONAL CONCEPT 
The OLS should be under t h e  au tho r i t a t ive  cont ro l  of one man responsible 
f o r  t he  s a f e t y  and operation of t he  s t a t i o n  and a l l  other r e l a t e d  lunar  
operations. The OLS commander must of necess i ty  delegate l imi ted  command 
respons i 'b i l i t i es  t o  other  individuals  t o :  
a l l  onboard systems; (2 )  assure the  accomplishment of a l l  adminis t ra t ive,  
maintenance, and housekeeping tasks ;  (3) perform the  lunar  surface explorat ion 
s o r t i e s ;  and (4 )  ca r ry  out a l l  on-orbit operations concerned with experiments, 
CLS resupply and crew r o t a t i o n  f l i g h t s  This delegat ion of r e spons ib i l i t i e s  
provides backup t o  the  command funct ion and makes m a x i m  use of onboard 
s k i l l s  and s p e c i a l t i e s  Figure 3-1 provides a func t iona l  arrangement of 
operat ional  requirements and, when taken i n  conjunction with Table 3-2 
showing individual  crew re spons ib i l i t i e s  provides an overview of t h e  crew 
funct iona l  requirements and cornrand r e spons ib i l i t i e s  For nominal s t a t i o n  
operations t h i s  concept u t i l i z e s  three  equivalent crewmen f o r  stationkeeping 
and f i v e  equivalent crewmen for s c i e n t i f i c  experiment operations e 
(1) assure operation and s a f e t y  of 
3.5 CREW TIME UTILIZATION 
A s  space mission durations increase,  t he  need f o r  de t a i l ed  d e f i n i t i o n  
of crew time requirements takes on added importance. In  U.S. spacef l igh ts  t o  
date,  t he  t a s k  demands of mission t imelines although f u l f i l l e d  remarkably 
wel l  by  t h e  various crews, have of ten been i n  excess of l eve l s  des i rab le  f o r  
long-term spacef l igh t .  Preliminary s tudies  suggest t h a t  f o r  extended periods 
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t he  s a f e s t  course i s  t o  aim f o r  conventional, earth-based-type schedules, 
unless  t he  p a r t i c u l a r  type of mission o r  experiment s t rongly  demands a l t e rna t ive  
scheduling, 
d iurna l  schedule, (2 )  s l eep  more than 7 hours per  day, (3) work not more than 
10 hours pe r  day (Reference 2) ,  and (4 )  work no more than 6 days a week with 
perhaps some l imi ted  scheduling on the  seventh day. Paying due a t t e n t i o n  t o  
these  p r inc ip l e s  should enhance t h e  p robab i l i t y  of mission success, while 
t o t a l l y  disregarding them would almost su re ly  r e s u l t  i n  ser ious mission 
degradation or f a i l u r e  because of human inadequacies within the  crew. 
This means t h a t  crews should normally (1) maintain a regular ,  
3.5.1 C r e w  Work S h i f t s  
The eight-man crew provides a nominal of 80 manhours per  day f o r  OLS 
operat ional  workload requirement. The present  concept of concurrent work 
and s leep  periods represents  t he  most e f f i c i e n t  appl ica t ion  of crew time, and 
it improves ava i l a ' b i l i t y  of appropriate s k i l l s  f o r  ml t iman  tasks  e Further- 
more, it represents  worst-case c r i t e r i a  f o r  design i n  terms of peak heat and 
power loads,  f a c i l i t y  s i z ing ,  optimum alarm system, e t c .  This concept i s  
subject  t o  modification t o  meet spec ia l  mission operations,  emergencies, or 
experiments requir ing more continuous lunar  or  c e l e s t i a l  viewing opportuni t ies  
The crew work day i s  10 hours, 6 days per  week, with a po ten t i a l  4 t o  5 hours 
work f o r  required functions on the  seventh day. The 10-hour day i s  not 
excessive i n  consideration tha+ no time i s  spent i n  going t o  and from work 
addi t ion,  both the  longer day and longer week i n  challenging job a c t i v i t i e s  
w i l l  tend t o  reduce t h e  mental f a t igue  t h a t  r e s u l t s  from i n s u f f i c i e n t  a c t i v i t y .  
and t h a t  most profess iona l  employeesfrequently work longer than 8 hours. I n  
3.542 
Most s tud ies  concerning work-rest cycles genera l ly  conclude t h a t  a 
24-hour period, d i s t r ibu ted  i n  a manner t o  which man i s  al ready adapted, 
represents  t he  bes t  scheduling c r i t e r i a .  When an a typ ica l  cycle i s  imposed, 
man's physiological  rhythms may be expected t o  show some adaptat ion t o  t h e  
non-24-hour p e r i o d i c i t y  -- 'but adaptat ion i s  not l i k e l y  t o  be complete or 
uniform f o r  a l l  individuals  (Reference 3) a 
of preadaptat ion t o  a given schedule, i f  t h a t  schedule i s  t o  d i f f e r  s i g n i f i c a n t l y  
f r o m  the  normal regime of 16 hours of wakefulness and 8 hours of sleep. 
Additionally,  the  scheduling of crew a c t i v i t i e s  must not merely avoid gross 
overload; it must be s t ruc tu red  t o  conbat gradual degradations i n  i n t e r e s t  
and capacity.  Continuous work periods without a 'break should not exceed 5 
hours i n  length.  Sleep periods should be arranged s o  they w i l l  come a t  
e s s e n t i a l l y  the  same time each day t o  f a c i l i t a t e  adjustment t o  t he  circadian 
rhythm (Reference 3) e 
T h i s  underscores the  d e s i r a b i l i t y  
A nominal d a i l y  schedule f o r  an 8-man crew i s  presented i n  Figure 3-2, 
Although d i sc re t e  times adre shown f o r  a l l  events,  it i s  not expected t h a t  
ac tua l  scheduling would 'be as r i g i d ,  
The duty cycles f o r  a l l  lunar  operations should be on the  same time 
base and scheduled concurrently because: 
and the  OLS and LSB f a c i l i t i e s  a r e  of! r e l a t i v e l y  small  s i z e  where noise could 
se r ious ly  degrade s leeping;  (2)  crewmen can be ro t a t ed  from one operation t o  
(1) the  number of crewmen is  l imi ted  
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another without dis turbing t h e i r  d a i l y  scheduling; and (3) t h i s  would a l s o  
f o s t e r  b e t t e r  u t i l i z a t i o n  of both crewmen and f a c i l i t i e s ,  AS an example, 
in te ropera t ion  communications would have t o  be r i g i d l y  scheduled t o  avoid 
d is rupt ion  and inconvenience f o r  everyone concerned. 
3.5.3 Crew Personal Time 
Crew personal time has been establ ished a t  a nominal 14  hours per  day, 
which has been a l loca ted  as follows: 
Act iv i ty  
Time Allocation 
( hours ) 
Sleep 
Eating 
Recreation, exercise ,  medical, and 
Personal hygiene 
,uncommitted time 
8.0 
2.5 
2.5 
1.0 
(Work) (10.0) 
Although the  t o t a l  personal time value appears higher than t h a t  deemed 
e s s e n t i a l  f o r  rout ine operations,  it does allow f o r  grea te r  f l e x i b i l i t y  of 
scheduling and per-mits contingency time enroachmenk without causing undue 
crew s t r e s s .  There i s  no in t en t ion  t o  spec i fy  individual  time allowances. 
Individuals might spend 2 hours on personal hygiene. Many people require  more 
than 8 hours or as l i t t l e  as 6 hours of  s leep,  e t c .  
es ta 'bl ish planning norm of 14 hours personal and 10 hours work, with opt ional  
workloads ava i lab le  f o r  those who des i re  addi t iona l  work. 
The purpose here i s  t o  
Sleep periods a re  scheduled f o r  about 8 hours, with e s s e n t i a l l y  
simultaneous s leeping of t he  crew being preferred.  The c r i t e r i o n  of concurrent 
s leep  i s  t o  assure maximu? qu ie t  and, thus,  achieve seven-plus hours of un- 
distur'bed s l eep  for each crewman. S l igh t  differences i n  s t a r t  and s top  times 
may be required t o  a l l e v i a t e  overloading of personal hygiene and dining 
f a c i l i t i e s .  S t a t i o n  design should not be constrained t o  t h i s  concept, however, 
and should allow s p l i t - s h i f t  or continuous-shift operation. 
Contingency schedules should allow a t  l e a s t  4 consecutive hours f o r  
s leep  e 
e Eating periods of 45, 45, and 60 minutes per  day a r e  a l loca ted  
for da i ly  food consumption. Meal periods a re  shared by t h e  crew t o  the  maximum 
extent ,  l imi ted  l a r g e l y  by the  a v a i l a b i l i t y  of dining accommodations The 
dining area should be s i zed  t o  accornrodate a minimum of four  crewmen a t  a 
t ime 
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Recreation and Exercise, Provisions w i l l  be made and time w i l l  be 
a l l o t t e d  t o  recrea t ion  and exercise  t o  maintain the  morale and e f f i c i ency  of 
t h e  crews f o r  physiological  as  wel l  as  psychological reasons Approximately 
2.5 hours per  man per  day are  es tab l i shed  f o r  t h i s  purpose, 
exercise  regimen w i l l  be required t o  counter t he  e f f ec t s  of weightlessness on 
physiological  functioning, as wel l  as  f o r  t h e  usua l  physiological  benef i t s  of 
exercise ,  F a c i l i t y  s i z i n g  of t h e  exercise  area should accommodate two men 
and exercise  equipment a t  one time. The biomedical time a l loca ted  ind ica tes  
a requirement f o r  some continuing crew monitoring and conditioning throughout 
t h e  l i f e  of a mission. Other r ec rea t iona l  f a c i l i t i e s  should combat confine- 
ment, enhance sensory var ia t ion ,  and reduce s o c i a l  f r i c t i o n ,  and should 'be 
of s u f f i c i e n t  v a r i e t y  t o  permit s h i f t s  i n  i n t e r e s t  a f t e r  extended time periods.  
These f a c i l i t i e s  should include books, f i lms,  and educational provis ions,  and 
incorporate ind iv idua l  preferences.  I n  general ,  crew recrea t ion  periods 
should be concurrent t o  permit as much s o c i a l  i n t e rac t ion  as desired,  Each 
crewman w i l l  have freedom of choice i n  recrea t iona l  mater ia ls  i n  addi t ion  t o  
the  provisions b u i l t  i n t o  t h e  s t a t i o n ,  
A d e f i n i t e  
e A nominal value of one hour per man per  day has 
been a l l o t t e d  f o r  personal  hygiene a c t i v i t i e s  e Although the  frequency of 
bathing i n  western c i v i l i z a t i o n  is  much grea te r  than  is j u s t i f i a b l e  f o r  
physical  hea l th  reasons , regular  bathing i s  recommended on long-duration 
missions t o  assure s o c i a l  accep tab i l i t y  and f o r  t h e  individual  s a t i s f a c t i o n  
it provides (Reference 3). The capab i l i t y  f o r  two showers per  man per  week 
i s  considered t o  be t h e  minimum t o  s a t i s f y  t h i s  need, 
Su f f i c i en t  qu.ant i t ies  of expendable hygiene items (soaps body wipes 
bac ter ic ides  den t i f r i ce ,  and temporary denta l  r e s t o r a t i v e s )  must be provided 
as well  as hygiene procedures and equipment which a r e  e f f ec t ive  i n  zero g e  
The hygiene equipment ( i 0 e e 9  ha i r  and n a i l  c l ippers ,  shavers, and whole-body 
showers) must be capable of functioning properly over an extended per iod 
with minimal maintenance and r epa i r .  
The e f f e c t s  of long-duration missions on crewmen must be evaluated 
from both a physiological  and a psychological standpoint,  The base l ine  OLS 
mission sequence model c a l l s  f o r  a 234-day staytime i n  lunar  o r b i t  (Section 
7.0)  f o r  each member of t h e  OLS crew. Evaluation and pro jec t ion  of present  
data  ind ica t e  t h a t  t h e r e  would be no adverse medical e f f e c t s  from such a 
long-duration space mission. However, addi t iona l  t e s t s  and evaluations a re  
required before a commitment t o  such a plan could be made. Both Skylab and 
EOSS crewmen evaluations f o r  long durations a re  planned and w i l l  support 
l a t e r  s tudy phases of t h e  OLS i n  a t imely manner. 
The psychological aspects of long-term confined movements and i s o l a t i o n  
have seve ra l  p a r a l l e l s  i n  e a r t h  operations and no insurmountable problems 
a re  foreseen, Submarine and Antarct ic  expeditions both involve crew stay- 
times t h a t  are  comparable t o  the  proposed OLS stayt ime,  With proper screening 
of candidates and adequate r ec rea t iona l  f a c i l i t i e s / e n t  ertainment 
problems can 'be reduced t o  a t o l e rab le  l eve l ,  Although t h e  problems do increase 
as a func t ion  of time, it appears t h e  most s i g n i f i c a n t  problem i s  a marked 
psychological 
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increase i n  adverse behavior the  l a s t  30 t o  60 days of t he  tou r  of duty. 
Skylab and EOSS evaluations w i l l  provide new ins ight  i n t o  t h e  po ten t i a l  
psychological -problem and t rends and any techniques o r  methods t h a t  are  
developed t o  preclude such pro'blems w i l l  support l a t e r  OLS study phases i n  a 
t imely manner. 
Because of current  staytime uncer ta in t ies ,  pas t  p rac t ices ,  and improve- 
ment i n  e f f i c i ency  and coordination, it i s  an t ic ipa ted  t h a t  r o t a t i n g  half  the  
crew a t  one time w i l l  a s s i s t  i n  improving the  overa l l  crew performance l e v e l  
because of t h e  carryover from the  previous crew. However, s p e c i f i c  s k i l l  
requirements may be ro t a t ed  i n  accordance with program needs and l o g i s t i c  
capab i l i t i e s  
3.5.5 Duty Tours 
Based on experience with Antarct ic  bases, nuclear submarines, and 
previous space missions, it seems t h a t  design planning should consider two 
tours  of duty per  crewman (on the  average) f o r  i n i t i a l  missions. This, of 
course, assumes t h a t  t he re  a re  minimum ill e f f e c t s  experienced by t h e  crewman 
upon returning to ear th.  The problem of achieving performance effect iveness ,  
however, tends to generate program requirements towards e i t h e r  longer on-orbit 
staytimes,  p a r t i a l  crew exchange, repeat tours  of duty ( i n t o  more sen ior  
pos i t i ons ) ,  extended f l i g h t  preparation, or some combination of these.  Each 
of these  influences should be examined separately.  
3.6 CREW ACTIVITY TIME ESTIMATES 
This s ec t ion  defines the  estimated time requirements f o r  non-scient i f ic  
OLS s t a t i o n  operations. S t a t ion  operations have been broken down i n t o  three  
major a c t i v i t i e s  beginning with (1) s t a t i o n  adminis t ra t ion and cont ro l  t h a t  
includes f l i g h t  operations,  administration, EVA/IVA and experiment operations ; 
( 2 )  s t a t i o n  maintenance operations covering a l l  scheduled and unscheduled 
maintenance operations ; and (3) s t a t i o n  housekeeping and s a n i t a t i o n  operations 
t h a t  include food management, t r a s h  disposal ,  cargo handling and s torage,  and 
cleaning and contamination control.  The time estimates given f o r  t he  pre- 
viously l i s t e d  a c t i v i t i e s  were based on EOSS subsystems data  modified f o r  OLS 
requirements e 
within s p e c i f i c  t ime-related categories as follows: 
A l l  time estimates a re  i n  manhours and/or equivalent manpower 
Routine - nornal ly  occurring every day 
Periodic - occurring a t  regular  i n t e rva l s  other  than da i ly  
Random - not occurring a t  regular  i n t e rva l s  
The equivalent manpower requirements f o r  a l l  rout ine operations of the  
OLS (excluding experiment support)  have been estimated a t  19.3 manhours pe r  
day. These requirements a re  sumar ized  i n  Table 3-3. Included within t h i s  
category a re  those f l i g h t  operations,  adminis t ra t ion and management, mainte- 
nance, and housekeeping functions performed by the  OLS crewB The f l i g h t  
operations a c t i v i t i e s  include rout ine i n t e r n a l  and ex terna l  communications 
a c t i v i t i e s  , u t i l i t i e s  subsystems management, monitor and warning, and f l i g h t  
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Table 3 ~ 3 ~  Estimated S t a t i o n  Operations 
Crew Time Summary 
Equivalent Manhours 
Function 
S t a t  i on  Adminis t r a t  ion/Cont r o l  
C ornmand 2.0 
Data Management 3.5 
F l i g h t  Operations 
G&C 
C ommnic a t  i ons 
In t e rna l  
External  
Monitor and Warning 
Logis t ics  Inventory Control 
Crew Care 
Experiment Support 
EVA/ IVA 
Maintenance 
Xousekeeping 
I 
0.5 
1,o 
3.0 
0.6 
1.0 
0.7 
B - 
12.3 
6.4 
7.5 
1 Total  Per Day 26,2 
cont ro l  a c t i v i t i e s .  The per iodic  s t a t i o n  operations a re  those t h a t  must 'be 
performed a t  varying frequencies bu t  a r e  s t i l l  necessary for t h e  bas ic  
operation of the  OLS ( i a e o 9  the  de l ivery  of replacement crew, cargo, and 
experiment-related equipment de l ive r i e s  by t h e  RNS ; per iodic  scheduled and 
unscheduled maintenance; and per iodic  housekeeping a c t i v i t i e s  ) 
3.6,1 S t a t i o n  Administration and Control 
This func t iona l  area encompasses a l l  t asks  associated with s t a t i o n  
comnand, f l i g h t  operations operat ion of t he  data  managment subsystems 
l o g i s t i c s  inventory control ,  crew care ,  crew serv ices  
support operations e OLS adminis t ra t ion and management i s  an t ic ipa ted  t o  
include a l l  functions associated with cont ro l  of s t a t i o n  operations and the  
conduct of i t s  mission t h a t  a f f ec t s  t h e  s a f e t y  and day-to-day l i v i n g  and 
working needs of i t s  crew. 
planning, scheduling, and l o g i s t i c s  cont ro l  funct ions)  w i l l  be provided 
through t h e  ground-based mission management system, Onboard excecution of 
these  functions ( lunar  mission operations cont ro l )  however, w i l l  be under 
the  adminis t ra t ive cont ro l  and d i r ec t ion  042 t he  OLS commander, S t a t i o n  
operations,  while normally subservient t o  t he  needs of t he  science programs, 
may a t  t he  d i sc re t ion  of the  OLS commander take  precedence over a l l  other 
operations i n  case of emergency or operat ional  s a f e t y  requirements, 
EVA/IVA, and experiment 
Overall  mission management support ( i a e e  de t a i l ed  
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S t a t i o n  Command. S t a t i o n  command encompasses t h e  command decis ion 
tasks  based on mission planning and operations scheduling functions t o  assure 
t h a t  a l l  o r b i t  f l i g h t  a c t i v i t i e s  and lunar  surface r e l a t e d  a c t i v i t i e s  a re  
successfu l ly  accomplished and i n  an in tegra ted  and coordinated manner. This 
includes a l t e r i n g  or updating schedules based on real-time decisions s o  t h a t  
overa l l  mission requirements may be s a t i s f i e d .  It a l s o  includes scheduling 
and crew services  adminis t ra t ion and s a f e t y  management. Approximately 2.0 
manhours per  day a re  estimated f o r  t he  s t a t i o n  command functions.  
e Data management functions can genera l ly  be divided 
i n t o  three  categories  : 
cessing and rout ing of data  received f r o m  the  OLS operating subsystems, (2)  
operations da ta  from the  lunar  surface s o r t i e  space tug,  and (3) s c i e n t i f i c  
experiment da ta  management t h a t  involves t h e  reception, s tor ing ,  processing, 
and rout ing of s c i e n t i f i c  data  received from t h e  various experiment operations a 
(1) operations da ta  management concerned with pro- 
U t i l i t y  systems management encompasses t h e  crew tasks  associated with 
preparing t h e  u t i l i t y  subsystems f o r  operation during various mission phases, 
operating these  systems and maintaining subsystem s t a tus .  The u t i l i t y  systems 
management functions normally w i l l  be performed with minimum crew par t ic ipa-  
t i on .  Maximum use i s  made of automatic techniques f o r  data  co l lec t ion  and 
evaluation, Crew time and s k i l l  w i l l  be required only f o r  evaluat ion of 
displayed parameters and t o  assess subsystems compatibi l i ty  with mission 
plans. Crew time requirements f o r  operations data  management functions a re  
estimated a t  3.5 manhours per  day. The extent  and durat ion of crew par t ic ipa-  
t i o n  experiment data  management a c t i v i t i e s  i s  determined by experiment phasing 
and the  l e v e l  of a c t i v i t y  associated with the  current  group of experiments. 
F l igh t  Operations. The crew w i l l  include personnel s k i l l e d  i n  the  
operation of spacecraf t  and t h e i r  subsystems, which i n  t h i s  case includes the  
OLS and space tugs used t o  support o r b i t  and lunar  surface operations.  The 
f l i g h t  maneuvers performed i n  t h e  space tugs require  f i rs t  order p i l o t  s k i l l s .  
However, t he  f l i g h t  s k i l l s  needed onboard the  OLS as a backup when both space 
tugs a re  conducting a mission would be mainly those of a systems engineering- 
operations nature requir ing a minimum of time. 
The performance requirements f o r  t h e  G&C system are  cu r ren t ly  d i c t a t ed  
by the  s c i e n t i f i c  experiments and autonomous mission planning functions To 
s a t i s f y  these  requirements it i s  estimated t h a t  t he  navigation equipment w i l l  
operate continuously, The primary method of navigation employs a s t a r  t r acke r  
and horizon scanner. The sensor outputs a re  f i l t e r e d  t o  provide continuous 
loca l - leve l  a t t i tude-cont ro l  information and a re  pe r iod ica l ly  sampled f o r  
navigation update. This method has the  advantage t h a t  it i s  automatic and 
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autonomous, 
provide navigat ional  da ta  i f  known lunar  landmarks a re  tracked or t o  estimate 
the  loca t ion  of t a r g e t s  of opportunity i n  support of lunar-viewing experi- 
ments. Estimated crew time requirements f o r  landmark s ight ings and computer 
update i s  O,5  manhour pe r  day. 
Manual sex tan t  s igh t ing  can a l s o  be used as a backup method t o  
Communications requirements have been included as p a r t  of f l i g h t  
operations,  because it i s  r e l a t e d  s o  c lose ly  t o  f l i g h t  performance. There 
a re  two major divis ions : (1) i n t e r n a l  communications 'between compartments 
and subsystems of t he  OLS, and (2)  ex terna l  communication l inks  between t h e  
OLS and ea r th ,  other  space vehicles  such as t h e  CLS and space tugs ,  t he  LSB, 
and lunar  surface operations other  than  the  LSB. 
Crew time requirements for conducting rout ine  i n t e r n a l  communications 
have been estimated a t  one manhour per  day, No s p e c i f i c  tasks  a r e  associated 
with t h i s  time a l loca t ion .  Rather, t h e  time i s  i d e n t i f i e d  t o  ind ica t e  t h e  
necess i ty  of coordination v i a  communication l inks  such as intercom, audio 
alarms, and telephones which a re  required f o r  rout ine s t a t i o n  operations 
Included a.re t h e  inev i t ab le  in te r rupt ions  associated with paging of crew 
personnel f o r  both technica l  and non-technical reasons. 
The equivalent of 3.0 manhours per  day have been a l l o t t e d  f o r  conducting 
rout ine ex terna l  communications functions.  This includes the  crew perform- 
ance requirements associated with the  transmission of i n t e l l i gence  from the  
OLS t o  ea r th ,  lunar  surface operations,  and f o r  lunar  o r b i t a l  operations.  
The in t e l l i gence  t o  be handled includes image, voice,  telemetry,  t e x t ,  hard 
copy, and commands. The communication l i n k  between the  s t a t i o n  and t h e  ea r th  
i s  by d i r e c t  transmission or through t h e  r e l a y  s a t e l l i t e  system. 
with lunar  surface operations depending upon t h e i r  surface loca t ion  may requi re  
the  r e l a y  s a t e l l i t e  system, 
Communications 
The monitor and warning funct ion encompasses t h a t  por t ion  of t he  
Information Management Subsystem ( ISS)  hardware and software t h a t  i s  dedicated 
t o  t h e  continuous and automatic monitoring of t he  OLS subsystem. Routine 
monitor and warning a c t i v i t i e s  normally w i l l  be performed with minimum 
p a r t i c i p a t i o n  'by t h e  crew. Crew performance requirements include recogni t ion 
t h a t  an anomaly e x i s t s ,  assessment of t he  ac t ion  taken by the  onboard checkout 
system, and t h e  cor rec t ive  act ion,  i f  any, t h a t  i s  required by t h e  crew. 
Visual and au,dible warnings of f a i l u r e s  or anomalies requir ing 
cor rec t ive  ac t ion  or acknowledgement, e i t h e r  automatically or 'by t h e  crew, a re  
given. 
simulated monitor and alarm events i s  estimated a t  0,6 manhour pe r  day. 
The equivalent manhour requirements f o r  responding t o  formal and 
e Logis t ics  inventory and cont ro l  functions 
a re  composed of crew v i sua l  t a sks ,  real-time monitoring and updating, and 
the  generation of consumables p r o f i l e s  based on usage r a t e s  f o r  a l l  replace- 
able  suppl ies  d Included i n  t h i s  category a re  foods , atmospheric (ECLSS) 
components suppl ies  (paper, pens penc i l s  e t c ,  ) spare  p a r t s  t oo l s  
spec ia l ized  crew s k i l l s ,  and data  s torage needs, Assuming a high degree of 
automation i n  maintaining these data,  requirements f o r  manual inputs  t o  the  
systems a re  estimated a t  approximately 1.0 manhour per  resupply event, 
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Crew Care. Crew medical data  yielded from space f l i g h t s  t o  date  ind ica t e  
in - f l i gh t  s t r e s s e s  may produce physiological  or performance decrements i n  man 
(Reference 4)  e I n  addi t ion  t o  these ,  spontaneous pathological  s t a t e s  (disease 
or in jury)  may develop during a mission. Onboard medical s k i l l s  and resources 
must 'be capable of coping with these  conditions.  Onboard equipment and t r e a t -  
ment capab i l i t y  should include f a c i l i t i e s  and suppl ies  adequate f o r  t he  
diagnosis and treatment of in fec t ious  disease,  simple f r ac tu res ,  minor denta l  
and su rg ica l  emergencies, and the  i n i t i a l  care and s t a b i l i z a t i o n  of severely 
in jured  crewmen t o  prepare them f o r  evacuation t o  ground-based medical 
f a c i l i t i e s .  
instruments and a labora tory  f a c i l i t y  t h a t  w i l l  allow bas ic  X-ray, ur in-  
analysis ,  hematology, 'blood and ur ine  chemistry, and bacter iology procedures. 
Se lec t ion  of t he  in - f l i gh t  treatment methods w i l l  depend upon the  pathological  
manifestations predicted f o r  a s p e c i f i c  mission, upon se l ec t ion  of t he  most 
appropriate form of therapy consis tent  with up-to-date medical p rac t i ce ,  and 
upon the  a p p l i c a b i l i t y  of t h i s  therapy t o  the  space f l i g h t  s i t ua t ion .  The 
nominal crew, with i t s  inherent ,  personal drug idiosyncrasies ,  and the  
individual  res i s tances  of many diseases  t o  s p e c i f i c  drugs ( i . e , ,  a n t i b i o t i c s ) ,  
w i l l  necess i ta te  an adequate pharmaceutical inventory. Rehydratable i n t r a -  
venous f l u i d s  w i l l  be desirable  and should be developed. 
F l igh t -qua l i f ied  equipment should include physical  examination 
A medical treatment f a c i l i t y  t h a t  w i l l  permit m a x i m u m  use of the  on- 
board medical s k i l l s  and a l s o  provide support f o r  those addi t iona l  s k i l l s  
t h a t  may be 'brought onboard should a ser ious accident or epidemic occur i s  
considered mandatory. This f a c i l i t y  w i l l  be s imi l a r  t o  the  modified in tegra ted  
medical and behavior ia l  l abora tory  measurement system (IMBLM) a rea  projected 
f o r  t he  EOSS a f t e r  t h e  aerospace medicine and bioscience experiments have been 
completed (Reference 5 ) .  
Modification of t he  IMBLM system f o r  pure ly  crew medical care  and 
monitoring w i l l  reduce i t s  s i z e  and complexity and a l s o  negate t h e  need for 
an MD, because a l l  t he  medical measurements and treatment f a c i l i t i e s  needed 
f o r  crew surve i l lance  can be performed by the  Physicians Assis tant .  The 
measurements projected f o r  OLS medical monitoring a re  l i s t e d  i n  Table 3-4. 
The prevalence of diseases  w i l l  probably be associated with crew 
changes and t h e  inter-mittent contacts of l o g i s t i c s  vehicles ,  although many 
organisms t h a t  are  p o t e n t i a l l y  pathogenic are  normal occupants of t h e  upper 
airways and i n t e s t i o n a l  t r a c t  of man. No e f f o r t  has been made t o  estimate the  
occurrence of addi t iona l  cases of a s p e c i f i c  i l l n e s s  following i t s  i n i t i a l  
appearance, Many diseases  a re  infec t ious  p r i o r  t o  the  acute s tages  ana can 
e a s i l y b e  spread among the  confined and int imate  re la t ionships  inherent  t o  
space s t a t i o n  l i f e .  Epidemics can occur more e a s i l y  than on e a r t h  because of 
t he  intimacy of d a i l y  assoc ia t ions ,  and t h e i r  prevention w i l l  be a func t ion  
of e a r l y  medical de tec t ion  and,adherance t o  s t r i c t  waste management, personal 
hygiene, and ECLSS procedures. 
The medical operations concept provides complete assessment of t h e  
crew on a per iodic  bas i s  and i n  case of i n ju ry  or i l l n e s s  makes provis ion 
f o r  care and treatment as follows: 
3-18 
SD 71-207 
>roup 
I 
I1 
I11 
IV 
V 
V I  
Table 3-4. Measurements L i s t  for the OLS Medical Facility 
~ 
Clinical evaluation 
Cardiovascular 
-~ 
Respiratory 
Met ab01 i sm 
Clinical laboratory 
Eehavioral effects 
Tests 
His tory 
Physical examination 
Electrocardiogram 
Vectorcardiogram 
Cardiac output 
Arterial blood pressure 
Venous pressure 
Phonocardiogram 
Heart rate 
Lung volumes 
Timed vital capacities 
Airway resistance 
Total airway compliance 
Diffision capacity 
Energy metabolism 
Balance studies 
Body mass 
Temperatures (core and skin) 
Complete blood count 
Urinalysis 
Plasma volume 
Electrolytes (blood and urine) 
Total protein 
Blood glucose 
Reticulocyte count 
Red blood cell fragility 
Red blood cell mass and survival 
Blood pH; ~02; PCO2 
Vision test 
Audiometric test 
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3. 
4. 
F i r s t  a i d  f o r  i n j u r y  and care a re  provided during t h e  
per iod p r i o r  t o  r e tu rn  t o  e a r t h  by space tug  f o r  those 
cases requir ing addi t iona l  care  and treatment 
Provide more extensive care and treatment f o r  those 
cases t h a t  w i l l  not permit t he  r igo r s  of r een t ry  f o r  
e a r t  h-b as e d t r e  atment 
The minor i l l n e s s  or i n ju ry  i s  t r ea t ed ,  and the  crewman 
i s  returned t o  work or his  own quarters  
Routine physical  examinations w i l l  be conducted f o r  each 
crewman a t  approximately 30-day in t e rva l s  as a 
preventive measure 
Information t o  date  on space f l i g h t s  i s  t h a t  p r inc ipa l  problems a re  of 
r e sp i r a to ry  infec t ions  and minor bodi ly  or g a s t r o i n t e s t i n a l  discomforts e 
However, p o t e n t i a l  e x i s t s  f o r  more ser ious problems. The EOSS crew s i z e  has 
been s e t  a t  12 f o r  normal operations,  and i n i t i a l  analysis  of OLS mission 
operations ind ica te  a crew of e ight  men f o r  lunar  o r b i t  operations. After 
ac t iva t ion  of t he  lunar  surface base, t h e  OLS medical f a c i l i t y  and personnel 
w i l l  .be reqcired t o  serve as backup f o r  lunar  surface base medical needs i n  
addi t ion t o  OLS crew requirements 
Overall  p robab i l i t y  data from various sources, p r imar i ly  USAF Survey 
Data (Reference 6 ) ,  a re  sumnarized f o r  an 8-man crew per  year as follows: 
1. One major i n j u r y  per 4 years - probdbly would c a l l  f o r  
r e t u r n  of crewman 
2.  One minor i n j u r y  per  1.5 years 
3. About 0.0005 major i l l n e s s e s  per  year which might requi re  
r e t u r n  of crewman 
4. About 25 minor i l l n e s s e s  per  year 
5. About 0.002 major contagions per  year which may require  
r e t u r n  of a l l  crewmen and temporary mission abort  
It i s  important t o  note t h a t  the  predict ions of i l l n e s s e s  and disease 
are  only estimates and i n  most cases only serve t o  ind ica te  t h a t  s u f f i c i e n t  
p robab i l i t y  e x i s t s  t o  j u s t i f y  a f l e x i b l e  treatment capabi l i ty ,  with t h e  
r e a l i z a t i o n  t h a t  occurrences may become manifest a t  any time i n  t h e  l i f e  of 
t he  s t a t i o n  o r  t he  LSB. Predict ing the  communication of disease,  once it 
appears, i s  dependent upon severa l  f ac to r s  t h a t  a re  d i f f i c u l t  because of t h e  
many var iab les  f o r  a given occurrence. I n  most cases,  however, when a highly 
v iab le  pathogen has been introduced i n t o  a closed environment such as t h e  OLS, 
i n  a l l  pro 'babi l i ty  it w i l l  'be propagated t o  some extent  because communicability 
f requent ly  precedes d e f i n i t i v e  symptoms 
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Tables 3-5 and 3-6 show, respect ively,  examples of p o t e n t i a l  crew 
i n j u r i e s  and i l l n e s s ,  including consequences, and examples of spec ia l  t r e a t -  
ment and provisions required,  These da ta  a re  based upon a de ta i l ed  invest iga-  
t i o n  of t h e  EOSS study. However, considerable research i s  s t i l l  required 
concerning t h e  ove ra l l  problem of categorizing p o t e n t i a l  i l l n e s s e s  and i n j u r i e s  
and es tab l i sh ing  s p e c i f i c  prophylactics and treatment requirements and 
p r  ovis ions e 
Consideration of t h e  p o t e n t i a l  medical treatment requirements plus  the  
pe r iod ica l ly  scheduled rout ine physical  examination of t he  OLS crew indica tes  
a time a l loca t ion  of 3 t o  5 manhours pe r  week should f u l f i l l  crew care require-  
ments, 
Ta'ble 3-5. Possible Crew In ju r i e s  and Required 
Treatment and Provisions 
S e v e r i t y  
Minor 
i n j u r y  
Major 
i n j u r y  
Consequences 
No l o s t  t i m e  
L imi ted  d u t y  
Bed rest 
Return  t o  
e a r t h  
Examples of 
P o s s i b l e  I n j u r y  
Abras ion ,  b l i s t e r ,  
minor l a c e r a t i o n  
Simple f r a c t u r e ,  
of w r i s t  o r  arm, 
j o i n t  s p r a i n ,  
minor muscle 
s t r a i n ,  
m i  n o r  burn  
F r a c t u r e  of back ,  
l e g ,  o r  cranium; 
c h e s t  wound; 
p o i s o n i n g  
F r a c t u r e  of neck 
w i t h  p a r a l y s i s ,  
head i n j u r y ,  coma, 
f o r e i g n  body i n  
t r a c h e a ,  t h i r d -  
d e g r e e  burns  
S p e c i a l  Treatment and 
P r o v i s i o n s  Required 
Common f i r s t - a i d - k i t  p r o v i s i o n s  
X-ray, p r e s s u r e  bandages,  co ld  
packs ,  s p l i n t s  and casts ,  
a n a l g e s i c s ,  a n t i b i o t i c s  
X-ray; t r a c t i o n  d e v i c e s ,  b r a c e s ,  
casts ; c l i n i c a l  l a b o r a t o r y  
tests ; g a s t r i c  l a v a g e  ; a n t i c o n -  
v u l s a n t s  ; s u r g i c a l  c l o s u r e  
p r o v i s i o n s  
X-ray; t r a c t i o n  d e v i c e s  b r a c e s ;  
b l a d d e r  c a t h e t e r ;  a n e s t h e s i a ;  
b lood  t r a n s f u s i o n ;  c l i n i c a l  
l a b o r a t o r y  tests ; f l u o r o s c o p e ;  
i n t r a v e n o u s  f e e d i n g  and f l u i d  
r e p  l a  cemen t 
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Table 3-6. Possible Crew I l l nes ses  and 
Required Treatment and Provisions 
Consequences 
No l o s t  t i m e  
Limited d u t y  
of minimum 
l o s t  t i m e  
(g1-week) 
Bed rest and 
l o s t  t i m e  
(71-week) 
-I. 
Return  t o  
e a r t h  
Examples of 
P o s s i b l e  I l l n e s s  
A t h l e t e s  f o o t ,  
d e r m a t i t i s  , 
c o n j u n c t i v i t i s ,  
r h i n i t i s ,  
u r e t h r i t i s  , 
p h a r y n g i t i s  
a b s c e s s  of  mouth 
and gum 
Bronchi t i s  , cys- 
t i  t is  d i a r r h e a ,  
d y s e n t e r y ,  f e v e r ,  
common c o l d  o r  
i n f l u e n z a  , 
g a s t r i t i s  
A p p e n d i c i t i s ,  
b r o n c h i a l  
pneumonia; i n f e c -  
t i o u s  h e p a t i t i s  , 
m e n i n g i t i s -  
epidemic 
p r o s t a t i t i s  
t h r o m b o p h l e b i t i s  
E n c e p h a l i t i s ,  
myocard ia l  
i n f a r c t i o n ,  
i l e i t i s  
Spe c ia1 Treatment  and 
P r o v i  s i o n s  Req u i  r e d  
Fungic ides ,  s t e r o i d s  , a n t i -  
b i o t i c s  , a n t i h i s t a m i n e s ,  nose  
drops ,  d e c o n g e s t a n t s  analge-  
sics a n e s t h e t i c  lozenges  , 
improved hygiene  p r a c t i c e s  
A n t i b i o t i c s  d e c o n g e s t a n t s  , 
a n t i t u s s i v e s ,  a n a l g e s i c s ,  cath-  
a r t i c s ,  an t i spasmodics  , a n t i -  
p y r e t i c s ,  i s o l a t i o n ,  a n t i e m i t i c s  
s p e c i a l  d i e t  
A n t i b i o t i c s ,  i n t r a v e n o u s  f l u i d s ,  
s u r g e r y  X-ray e x p e c t o r a n t s  
c l i n i c a l  l a b o r a t o r y  tests , 
s t e r o i d  t h e r a p y ,  a n a l g e s i c s  
c a t h e t e r i z a t i o n ,  i n t e n s i v e  care, 
i s o l a t i o n ;  a n t i c o a g u l a n t  
I n t r a v e n o u s  f l u i d s ,  t racheotomy,  
s e d a t i v e s ,  oxygen, a n t i c o a g u l a n t  
c l i n i c a l  l a b o r a t o r y  tests , 
a n t i s p a s m o d i c s ,  s p e c i a l  d i e t  
"Ser iousness  and e x t e n t  of  t h e s e  i l l n e s s e s  may r e q u i r e  r e t u r n  of crewmen 
t o  e a r t h .  
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EVA and I T A  operations e n t a i l  considerable preparat ion 
a c t i v i t y ,  not only f o r  t h e  crewman who w i l l  perform t h e  t a s k  but  a l s o  f o r  t he  
preparat ion and checkout of t h e  l i f e  support equipment, t h e  d e t a i l i n g  of t he  
task ,  and t h e  scheduling/rescheduling of s t a t i o n  operations during t h e  EVA/ 
IVA per iod t o  ensure non-interference and the  s a f e t y  of t he  crewman involved. 
For example, s c i e n t i f i c  work may have t o  be in te r rupted  and RCS f i r i n g s  
inhibi ted.  A l l  EVA operations a re  assumed t o  be conducted using a pressure 
garment assembly (PGA) and portable  l i f e  support system (PLSS) e 
may be conducted e i t h e r  with the  E A  and PLSS or PGA and umbilicals and t h e  
open-loop pressure cont ro l  u n i t  (PCU) f o r  l i f e  support, and i s  dependent upon 
the  loca t ion  and t a s k  t o  be accomplished. 
I V A  operations 
A minimum of two crewmen w i l l  be used i n  a l l  EVA and IVA operations,  
which w i l l  provide a backup s a f e t y  capabi l i ty .  A l l  OLS crewmen must be 
qua l i f i ed  f o r  pressure su i t  operations i n  order t o  cope with emergency 
s i tua t ions  which may develop. 
I n  order t o  provide emergency rescue capab i l i t y  f o r  crewmen on the  
lunar  surface a t  l e a s t  two of t h e  crew t h a t  remained i n  the  OLS must 'be 
qua l i f i ed  f o r  lunar  surface EVA operations e 
. Tables 3-1 and 3-2 indicated t h a t  four  crewmen 
a re  assigned pr imar i ly  t o  scient i f ic /experimental  and tug operat ional  
a c t i v i t i e s .  One of t h e  four  i s  c l a s s i f i e d  as a p r inc ipa l  i nves t iga to r  and 
i n  conjunction with the  s t a t i o n  commander plans a l l  OLS a c t i v i t i e s .  In  
addi t ion  the  s t a t i o n  operations crew a l s o  w i l l  support s c i e n t i f i c  inves t iga t ions .  
Ta'ble 3-3 indicated an equivalent of only th ree  crewmen f o r  normal s t a t i o n  
operations even though t h e  primary r e s p o n s i b i l i t y  f o r  four  of the  crewmen is  
s t a t i o n  operations.  Thus, t h e  e n t i r e  OLS crew w i l l  'be scheduled t o  p a r t i c i p a t e  
i n  OLS experiments as  p a r t  of t h e i r  normal work. This support could include 
data  handling, laboratory support, maintenance, flight operations,  servicing,  
and experiment operation, Total  equivalent manpower f o r  experiment support 
w i l l  be f i v e  crewpen. 
3 6 a 2 Maintenance 
This functiona.1 category encompasses a l l  crew a c t i v i t y  associated with 
the  operation of t h e  OLS subsystems with the  object of preventing, discovering, 
i s o l a t i n g  and correct ing equipment malfunction or f a i l u r e .  
OLS maintenance f a l l s  i n t o  two broad categories ,  which cons is t  of 
scheduled (prevent ive)  maintenance and unscheduled ( co r rec t ive )  maintenance 
e In- f l igh t  maintenance i s  defined as the  use of 
ava i lab le  maintenance accessories  and technica l  information i n  accordance 
with procedures es tab l i shed  in"the in - f l i gh t  maintenance p lan  t o  maximize the  
s a f e t y  of t h e  crew, augment the  p robab i l i t y  of mission success, and contr ibute  
t o  a lO-year mission l i f e .  
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Other f ac to r s  t h a t  a f f e c t  maintenance concepts and planning include 
spares,  support f a c i l i t i e s ,  t oo l s  and t e s t  equipment needs, documentation and 
software support, crew proficiency, and t h e  onboard systems monitoring and 
malfunction de tec t ion  capab i l i t i e s  e The capab i l i t i e s  of t he  f i n a l  systems 
d e f i n i t i o n  w i l l  determine crew capab i l i t i e s  and the  time requirements needed 
f o r  maintenance a 
Scheduled Maintenance. Scheduled maintenance i s  any planned maintenance 
a c t i v i t y  deemed necessary t o  enhance t h e  func t iona l  success of t he  equipment. 
Planned maintenance a c t i v i t i e s  include ca l ibra t ion ,  per iodic  inspection, 
se rv ice  and replacement of degraded and l imi ted- l i fe  items. Design s h a l l  take 
f u l l  advantage of scheduled maintenance; but  t o  conserve crew manhours, such 
maintenance s h a l l  be minimized by t h e  use of adequate s a f e t y  margins and 
h igh- re l iab i l i ty ,  long-l i fe  items. 
Unscheduled Maintenance. Unscheduled maintenance stems from discovery 
of a f a i l e d ,  damaged, or degraded equipment i tem and encompasses the  crew 
a c t i v i t y  necessary t o  r e s to re  (or attempt t o  r e s to re )  normal operating 
capabi l i ty .  These a c t i v i t i e s  include t rouble  analysis  and i so l a t ion ;  adjust-  
ment; alignment; removal and replacement; removal, r epa i r  and i n s t a l l a t i o n ;  
patching; e tc .  
There a re  no scheduled EVA or I V A  maintenance 
operations defined f o r  t h e  OLS; however, unscheduled maintenance of some of 
t h e  s t a t i o n  ex te r io r  assemblies may be required. Some of the  OLS assemblies 
t h a t  may requi re  EVA/IVA maintenance a re  as follows: 
IS  s Replacement of ant  e nna c omp one n t  s 
S t ruc ture  Repair/replacement of meteoroid shielding 
ECLSS 
General 
Repair/replacement of thermal pro tec t ion  or r ad ia to r s  
Port  f i r e  and/or depressurizat ion IVA repa i r  
Preparation f o r  EVA i s  a time consuming process. Pr ior  t o  EVA operations 
it i s  necessary f o r  t he  pa r t i c ipa t ing  crewman t o  prebreathe 100-percent oxygen 
'before being sustained 'by t h e  100-percent oxygen atmosphere of the  pressure- 
s u i t  a t  reduced pressure Without t he  prebreathing of 100-percent oxygen, t he  
crewman would be highly suscepti 'ble t o  dyeborism or decompression sickness.  
The clearance of gas from the  various t i s s u e s  of t he  body while breathing 
pure oxygen proceeds a t  a r a t e  proport ional  t o  the  blood flow through the  
t i s s u e s  and t o  the  v e n t i l a t i o n  of t he  lungs. This washing out or denitrogena- 
t i o n  i s  accomplished by  prebreathing of 100-percent oxygen with an open-loop 
oxygen system, which w i l l  -prevent rebreathing of any of t h e  expired gases. 
The pro tec t ive  e f f e c t  of ni t rogen washout i s  i n  p a r t  a funct ion of the  
duration of prebreathing 100-percent oxygen p r i o r  t o  exposure t o  a lower t o t a l  
pressure;  but  pro tec t ion  i s  not e n t i r e l y  proport ional  t o  the  extent t o  which 
body nitrogen s to re s  are  depleted, Occasional cases of decompression sickness 
a re  seen even a f t e r  many hours of pre-exposure t o  denitrogenation. One source 
c a l l s  f o r  3 t o  4 hours of denitrogenation (Reference 7). 
'breathing coupled with exercise  may r e f l e c t  a reduced prebreathing time p r i o r  
t o  each EVA as indicated i n  Figure 3-3. The exercise  can consis t  of deep 
knee bends o r  other l i g h t  ca l i s thenics  t h a t  a r e  compatible with the  100-percent 
However, oxygen 
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Figure 3-3 e Pre'breathing Time 
oxygen pre'breathing system. Also port ions of such operations as EVA prepara- 
t i o n  and spacesui t  donning can be u t i l i z e d  as p a r t  of the  exercise  routine.  
Donning of t he  Pressure Garment Assembly (PGA) and checking out t he  
Portable Li fe  Support System (PLSS) requires  approximately 1-1/2 hours e 
Doffing time, which includes preparing the  sui t  f o r  drying, requires  approxi- 
mately 30 minutes. These estimates a r e  lower than those present ly  used f o r  
t he  Apollo because of t h e  an t ic ipa ted  addi t iona l  space f o r  t h e  operation i n  
the  OLS and a l so  projected improvements i n  PGA and PLSS design. 
A s  s t a t e d  above, there  is  no planned EVA or I V A  operations for t h e  OLS; 
however, provisions should be included f o r  a two-man EVA s o r t i e  of 4 hours 
durat ion each month. This nominal value should provide adequate margin f o r  
contingencies, suppl ies ,  and t imel ine schedules. 
e Because of t h e  s i m i l a r i t y  of OLS sub- 
systems t o  those on the  EOSS, t h e  maintenance times u t i l i z e d  for determining 
s t a t i o n  operation have been taken d i r e c t l y  from EOSS developed da ta  (Reference 
5).  Table 3-7 presents  a summary of subsystems maintenance times f o r  both 
scheduled and unscheduled maintenance on a monthly bas i s  or 6-4 manhours per  
day, 
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Table 3-7. Maintenance Time Summary 
Sub s ys t em 
E l e c t r i c a l  
Guidance and c o n t r o l  
RCS 
Informat ion  
F a c i l i t i e s  
ECLS S 
S t r u c t u r e s  
C r e w  
Sub t o t a l s  
T o t a l  
Man-hours P e r  Month (Averaged) 
Scheduled 
5.0 
1 . 7  
- 
43.0 
1.5 
74.8  
6.9 
34.6 
167 5 
Unscheduled 
2.5 
2 . 1  
1.6 
4.0 
0 . 1  
11.1 
2.5 
1 .0  
24 .9  
192.4  
3.6.3 
Included i n  t h i s  funct ional  category a re  those menial, but  nevertheless 
e s sen t i a l ,  crew performance requirements associated with food serv ice  manage- 
rnent and general  cleaning of s t a t i o n  f a c i l i t i e s .  
rnanhours per  day w i l l . b e  required t o  accomplish these  a c t i v i t i e s  on a rout ine 
bas i s  and increased by some d e l t a  time per iod t o  s a t i s f y  the  per iodic  cleaning 
requirements. A nominal workload breakdown of housekeeping a c t i v i t i e s  w i l l  be 
d i s t r ibu ted  approximately as follows : 
It i s  assumed t h a t  6 t o  7 
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I t e m  
0.5 manhour pe r  s h i f t  
0.5 manhour pe r  meal 
0.5 manhour per  u n i t  
Two-week in t e rva l s :  
Staterooms a t  O , 5  manhour 
per u n i t  
Corridors a t  0.5 manhour 
per  deck 
Time 
3.0 manhours pe r  day 
1.5 manhours p e r  day 
0.8 manhour per  day 
0.7 manhour per  day 
1.0 manhour per  day 
4.0 manhours per  2 weeks 
2.0 manhours pe r  2 weeks 
Although t h e  scheduling of per iodic  requirements i s  deferrable  on the  
bas i s  of crew time a v a i l a b i l i t y ,  it i s  genera l ly  concluded t h a t  t h e  equivalent 
of 7 t o  9 manhours per  day can be e f f e c t i v e l y  employed i n  f u l f i l l i n g  t h e  
day-to-day housekeeping and s a n i t a t i o n  requirements a It i s  suggested t h a t  one 
crewman (receive t r a i n i n g  i n  t h i s  s k i l l  category) be assigned t o  t h e  t a s k  of 
menu planning and meal preparation. The ro t a t ing  r o s t e r  concept i s  recommended 
f o r  s a t i s fy ing  general  cleaning requirements, with cleanup of crew staterooms 
the  r e spons ib i l i t y  of t h e  occupants e 
Normally, contamination cont ro l  can be assumed t o  be accomplished 
through t h e  normal food handling, cleaning, and s a n i t a t i o n  procedures used 
i n  t h e  s t a t ion .  
t o t a l  system, considerable unscheduled crew time w i l l  probably be expended 
i n  t r ac ing  it down and applying the  necessary cont ro l  procedures and/or 
processes e Because of h i s  medical background, t he  s t a t i o n  operations 
a s s i s t a n t  w i l l  have t r a i n i n g  i n  t h i s  s k i l l  category, 
However, i f  contamination should occur anywhere within t h e  
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4.0 AUTONOMOUS OPERATIONS 
The primary reasons for inchision of an OLS in the lunar exploration 
program are to provide both economic and safe lunar operations. 
the OLS can provide a local centralized base of operations which is independ- 
ent of earth operations in all day-to-day activities as well as most of the 
contingency operations. This role of the OLS in lunar operations in turn 
imposes a mandatory objective upon the OLS to be as autonomous as possible. 
Quite obviously, logistics support from earth is required but functions such 
as mission planning (short-range) , equipment scheduling and conduction, 
system status monitoring, maintenance, repair, servicing, checkout, calibra- 
tion, flight command and control, communications, and rescue operations can 
and should be performed by the OLS. Real time mission support operations 
that are required for current space programs are impractical for programs 
such as the proposed 10-year lunar exploration program. 
That is, 
Development of autonomous operations on the OLS will directly contribute 
to preparations for manned flights. Planetary spacecraft will be required to 
be even more autonomous than the OLS. Communications delay between the space- 
craft and earth and the complete absence of resupply will impose stringent 
requirements on system design characteristics such as repair and maintenance, 
fault isolation, status monitoring and checkout, as well as mission planning 
and safety provisions. 
This section discusses the level of autonorriy of the OLS that is desired 
and the implementation approach. Also, the functional requirements imposed on 
the OLS as a result of including autonomous operations are defined. The 
principal areas of design that are affected are the reliability/redundancy/ 
design criteria for all spacecraft equipment 
complexity of the information subsystem (ISS) e 
and the scope, magnitude and 
4.1 UVEL OF AUTONOMY 
Autonomy is defined here to mean the capability of the space vehicle 
and its operating elements to be self-sufficient and perform its mission 
operations without the aid of ground support. From this definition, the 
question arises as to the degree of autonomy that is desired. Is total 
autonomy required, or is partial autonomy acceptable and desirable? To 
answer this question, a tradeoff was conducted to examine the strengths and 
weaknesses of each approach, Comparative factors that were utilized in the 
evaluation were mission management, flight command and control, reaction 
time, unmanned operation, communications, experiment evaluation, data storage, 
crew capabilities, machine performance capabilities, and cost 
presents a comparison of the two approaches to autonamy. From this compari- 
son, it is clear that the best approach is to institute a program of partial 
autonomy a 
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4 2 IMPUmTATION 
With the level of autonomy defined, the process for the implementation 
of the autonomous operations must be developed. 
approaches were evaluated to select the optimum approach. The concepts eval- 
uated were: (1) the initial implementation approach and (2) the incremental 
implementation approach. The initial implementation approach would implement 
all of the autonornous operation scheduled for the lifetime of the 9LS at the 
beginning of the mission. The incremental implementation approach would use 
a time-phased sequential plan to be carried out during the lifetime of the 
OLS. Five prime factors were utilized to evaluate the approaches, feasibility, 
modification, confidence level, ground. support, and crew training. The results 
of the evaluation are presented in Table 4-2, and show that, except in those 
cases where only a small amount of autonomy is required, autonomous operations 
should be implemented on an incremental basis. 
Two basic implementation plan 
The development of the ineremental implementation plan will depend upon 
the degree of autonomy imposed on the program, the availability of equipment 
techniques and procedures to accomplish those autonomous operations, and the 
level of training that can be imposed on the crew. 
imposed on the program sets the constraints on the implementation plan; the 
smaller the degree of autonomy required, the shorter will be the time to 
implementation. To accomplish the imposed requirements, applicable equipment 
techniques, and procedures will be applied as required and as available. The 
rate of application of the equipment techniques, and procedures will be based 
upon their existence, their stage of development, their basic operability, 
and their applicability to the space environment through demonstration. 
accomplishment of crew training to implement the autonomous operations will be 
based upon the complexity of operations, the utilization of new technologies, 
and the crew size and skills. 
The degree of autonomy 
The 
As an example, the following is a typical trade study that might be 
utilized in later phases of the OLS program to determine the optimum approach 
to an incremental implementation plan. 
as follows: 
The trade is based on three options 
1. 
2. 
3 .  
Initial installation of all operational equipment and procedures 
required to achieve the ultimate desired level of autonomy but 
with activation phased to a sequential preprogrammed plan. 
Initial installation and activation of basic operational equip- 
ments and procedures required to achieve a,n initial level of 
autonomy. Additional operational equipments and procedures would 
be installed and activated based upon a sequential preprogrammed 
plan, to achieve the ultimate desired level of autonomy. 
Installation and activation of all operational equipments and pro- 
cedures after lunar orbit habitation based on a sequential pre- 
programmed plan to achieve the ultimate desired level of autonomy. 
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Comparative factors used were OLS launch weight, ground support, modification 
capability, crew training, and equipment installation. The results of the 
evaluation are shown in Table 4-3. 
indicates that the best approach is to utilize option number two. 
A ranking of the factors in Table 4-3 
4 03 LONG-LIFE ASSURP;NCE 
The concept of long-life assurance for the OLS is based on maintain- 
Maintainability is provided at the following two levels : 
ability through the use of onboard spares or in-flight replacement units 
(IFRU' s ) e 
1. At the subassembly level or below, to allow for component 
failure 
2* At the assembly or subsystem level to allow for replacement 
because of unsatisfactory operation, wear out, or obsolescence 
or to meet the requirement for increased capabilities 
Both scheduled and unscheduled maintenance are accomplished with IFRU's. 
Scheduled maintenance is performed in response to calibration, periodic inspec- 
tion, normal servicing, and limited-life replacement. Unscheduled maintenance 
would be required as a result of random failures, drift, and damage. 
The IFRU's are designed with internal redundancy to decrease their 
failure rate where the functions of the IFRU's are considered to be critical 
to the life of the crew or to safe continuation of the mission. Other IFRU 
design objectives are simplicity without compromising reliability, emphasis 
on appropriate material selection, and avoidance of coupling limited-life 
items with long-life items in the same unit. 
Redundancy 
Redundancy is one of the methods used to provide the long-life and 
reliability required of the OLS. The use of redundancy is based on a policy 
of safety and mission continuation. Where practical, all elements where a 
failure would endanger life are made redundant. Redundancy is also provided 
on those IFRU's where continued inoperation of the element would lead to a 
crew survival degradation. If the failed element would not be a time critical 
problem, the redundancy may be by standby or replacement spares. 
redundant paths are provided, the paths w i l l  be located to prevent damage of 
the redundant path by the failing element. 
Where 
In those cases where failure rates are known, a quantitative redundancy 
policy can be used. Quantitative models for a serial system of N equipments 
where all N equipments perform the same type of function are similar but not 
identical in design and have the same failure rate are: 
1. Parallel redundancy - Parallel redundancy can be applied to an 
N equipment serial system by adding K additional pieces of equip- 
ment in parallel to each serial equipment, The resultant relia- 
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2# 
3 4  
Standby redundancy - Standby redundancy can be applied to an N 
equipment serial system by adding K pieces of equipment in standby 
redundancy for each serial equipment., 
would be 
"he resultant reliability 
K N 
e - (Zo 
Interchangeable redundancy - Interchangeable redundancy can be 
applied to an N equipment serial system by adding K interchange- 
able pieces of equipment to support the whAe system. Here an 
element of flexibility is added because any of the K spare equip- 
ments can substitute for any of the N serial equipments. The 
resultant reliability would be 
K 
.-NXt d (N 
J=O J! 
Figure 4-1 shQws the reliability of the system as a function of the 
number of spares for each of the redundant configuration models. 
Applying four spares to the parallel redundant configuration, one for 
each serial equipment produces a system reliability of approximately 0.58. 
Applying four spares to the standby redundant configuration, one for each 
serial equipment gives a system reliability of approximately 0.74. 
applying four spares to the interchangeable redundancy configuration, a system 
reliability of approximately 0.97 is achieved. 
However, 
The conclusion that is apparent from the previous data is that inter- 
changeable redundancy provides high reliability with minimum spare parts and 
should be utilized wherever possible. 
Interchanneabilitv 
Interchangeability will be stressed throughout all systems and their 
corresponding IFRU's to reduce the inventory of onboard spares, permit canni- 
balization of noncritical equipment, and reduce qualification testing. Candi- 
dates for interchangeability will be identified during systems analysis using 
the following criteria: 
1. Use interchangeability when performance and environmental require- 
ments are identical. Typical candidates are items such as valves, 
filters, power supplies, signal conditToners, etc. 
2. Use interchangeability when perfcmmnce requirements are similar 
and system penalty is insignificant. This approach may result in 
nonuse af same of the electronic elements within a package for m e  
or more of the applications but will not degrade the functional loop 
reliability and will permit mme extensive qualification testing 
on the common item because 3f fewer elements in the system, 
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Figure 4-1. Comparison of Redundancy Types 
3 .  Cannibalization may be used to partially satisfy sparing require- 
ments, particularly where systems are used for limited periods. 
Cannibalization is also recommended where critical systems m y  be 
spared by using parts from a noncritical system and where onboard 
repair can be performed. 
Replacement 
To facilitate the replacement of dissimilar IFRU's, a standard set of 
replacement techniques and procedures are recommended. This standardized set 
is based on correct replacement, ease of replacements, minimum interruptim of 
nxmal operations, and minimum specialized crew training. The following lists 
the techniques and prxedures applicable to in-flight replacement- 
1. Permit remove-replace of a failed item without interrupting a 
redundant functional loop of other mission-critical functions. 
2. Provide direct access to repairable or replacement items includ- 
ing the cabling 3n back panel wiring without electrically dis- 
connecting other equipment. 
3 .  Permit plug-in module replacement without disconnecting adjacent 
fluid couplings in c3olant lines. 
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4. 
5. 
6. 
7 .  
8. 
9. 
10 * 
Provide identification or coding of IFRU's to assist in rapid and 
correct removal and replacement, 
Provide separate packaging for equipment that have significantly 
higher failure history than the other equipment in the functional 
loop 
Provide the extended volume necessary for the remove-replace 
activity considering the volume occupied by the operator as well 
as the volume required by the equipment and of its moving parts 
such as doors and slides. 
Use captive fasteners or captive locking devices for all removable 
items. 
Provide symmetric mounting features, keys, or guides at each level 
of assembly for equipment requiring specific installation orienta- 
tion. This technique also must preclude the possibility of inter- 
changing non-interchangeable IFFXJ's. 
Permit direct access to all adjustments and controls necessary for 
system operation, malfunction detection and isolation, and check- 
out. 
Provide storage and containment for anticipated portable test tools. 
Consider placement of such devices for operator orientation and 
location of usage I) 
4.4 ONBOARD CHECKOUT 
The onboard checkout system (OBCO) is dedicated to the checkout of OLS 
subsystems and experiments. Its functions include fault isolation, fault pre- 
diction, calibratim, certification, record-keeping, and self-test. Checkout 
will normally be performed prior to, during, and after system operation and 
when a failure occurs to detect and isolate the cause of the failure. Check- 
out will be conducted on a planned and scheduled bas:is as well as on an 
as-required basis. 
One of the keys to the achievement of autonomous operations is the 
existence of an effective onb2ard checkout system, which will minimize hazards 
to the crew and equipment, support onboard maintenance activities, support 
checkout of other program elements, and minimize the requirements of space- 
ground comnunicatims. Based upon the previous data, an analysis was conducted 
to determine the preferred approach to checkout onboard vers'lis ground checkmt. 
The following four candidate approaches were identified and evaluated: 
1. The checkout of subsystems and experiments would be accomplished 
entirely by onboard means including crew actions, 
2* The maximum amount of checkout hardware and software would be 
relegated to the ground, 
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3 @  The checkout of systems and experiments would be assigned to on- 
board equipment and the ground as follows: onboard-fault detection, 
recertification, calibration, and self-test; ground-fault isolation, 
fault prediction, record-keeping, and self-test. 
4. Same as candidate in item 1, except that grmnd backup would be 
provided e 
The comparative factors that were utilized in the evaluation were 
decision scope, data availability, reaction time, crew time, crew skills, 
initial cost, recurrbg cost, on-ground checkout, and safety. A l l  concepts 
indicated that adequate provisions could be made to insure safe operation. 
The results of the evaluation are shown in Tables 4-4 and 4-5 and indicate 
that the onboard checkout functions should be accomplished by onboard means 
with the ground backup. The OLS onboard checkout function shall normally be 
independent of the ground support e A l l  facilities (displays controls , data 
processing, etc.) required in the checkout process will be provided onboard. 
Provisions will be made, however, for contrdling and/or monitoring onboard 
systems frzm the grmnd or other remote locations during premanned phases of 
the missim. 
4 e 5 INFORMATION SUBSYSTEM ( ISS) 
The Information Subsystem (ISS) provides the command and control center 
for all operations within and surrounding the OLS, including onboard checkout 
functional control. To accomplish the desired level of autonomy for the OLS, 
general requirements are imposed on the ISS and are described in the following 
paragraphs 
Status and Configuration Monitoring 
To determine whether the subsystems are operating within their design 
tolerances, capability will be provided to monitor the status of the subsys- 
tems using sensors located within the subsystem in-flight replaceable units 
(IFRU' s ) 
is in operatian by means of internal sensors, will be provided. When the 
monitoring shows that a fault exists and backup is necessary, the ISS will pro- 
vide a command signal to switch into operation (1) new IFRU (must be wired and 
in service) or (2) a backup mode. 
The capability to monitor the configuration of the subsystem, which 
Trend Monitoring and Alarms Generation 
The ISS will provide the capability to monitor trends within a sub- 
Trend data will be compared against predetermined limits, system or IFRU. 
and alarms will be generated where limits are exceeded. The capability will 
be provided t=, readjust trend limits based on data as they become available or 
are established, The alarms will be audible at the flight commander control 
console for OLS command and contra1 and at the experiment control console for 
experiment cmtrol. \Then emergency situations exist, an audible alarm will 
be heard throughout the station, 
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Table 4-5. Ground Versus Onboard Checkout Rating 
Item 
Decision scope 
Data 
a v a i l a b i l i t y  
Reaction time 
Crew time 
Crew s k i l l s  
I n i t i a l  cos t  
Recurring cos t  
On- grmnd 
checkout 
Rating t o t a l s  
Rating 
1 - Poorest 
4 - Pest 
%ndidate A 
(Autonomous ) 
3 
3 
3 
3 
22 
Candidate B 
(Dependent ) 
1 
1 
1 
1 
11 
Candidate C 
(Wbr id )  
2 
2 
2 
1 
3 
3 
2 
2 
17 
Candidate D 
(Ground Backup) 
3 
4 
26 
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Consumables and Spares Inventory Monitoring 
The capability to monitor consumables on the OLS will be provided. The 
monitoring of the consumables will be performed by sensors within the appropri- 
ate tank or storage area. The ISS will provide records of the spares (IFRU's) 
as they exist and are used for replacement, It will also provide the capabil- 
ity to calculate the coksumables and spares which remain on board. 
necessary, it will provide the appropriate notification to on-board personnel. 
When 
Mode-Selection Criteria 
The ISS will provide the capability to select the mode of operation for 
the OLS and commands to the appropriate subsystems for the execution of the 
mode. 
Typical modes to be provided are: (1) alternative pointing contrd; 
(2) power profile control; and (3) environmental control for work, rest, and 
sleep phases of the daily schedule. 
Autoimtic Fault Detection and Isolation 
The ISS will have the capability to receive data from subsystem sensor 
points and compute when a subassembly or specific mode within a subsystem is 
not working and isolate that fault to an IFRU. Crew participation in fault 
isolation will be employed where cost effective. To provide a fa.ult detec- 
tion and isolation service, it will be necessary t.;, know the failure pattern 
.;,f the subassemblies, and the IFRU must have sufficient monitoring points to 
make the necessary determination. The capability must be provided to evalu- 
ate data after a repair or at periodic intervals to recertify the subsystem 
or IFRU. 
Automatic Safe-Mode Selection 
The capability t:, make an analysis of failures or abnormalities and 
supply commands to the appropriate locatims to place the OLS in a safe 
mode will be provided. This capability is not necessarily limited to the 
detecting of abnormalities and issuing commands on a subsystem-by-subsystem 
basis but rather on an OLS-wide basis, providing such overall commands are 
required, For example, an abnormality in the G&C subsystem could fo rce  com- 
mands to electrical power distribution circuit breakers. 
Program Control of Stimuli 
The ISS will have the capability t.;, command the generation of stimuli 
irithin the subsystem. The stimuli generator will be in the subsystem and the 
conmiand prmided vi11 turn the stimuli on or off. 
Data Evaluatim 
A capability t.;, evaluate data generated within the OLS will be pro- 
vided. This evaluation is the link that converts raw data tc, information 
and pertains to all OLS activities; iaee9 experiments, subsystem, crew 
activities, crew status, docking of logistics resupply systems, etc. 
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System Startup 
Capability to command the startup and shutdown of the OLS and to 
measure its status during these phases will be provided. This capability 
must exist for initial startup after launch, after a repair, when the mode 
is changed, day-to-day operations, etc. 
Display and Control 
Display and control must provide sufficient information to the crew 
f3r performance of normal and emergency functions and initiation of proper 
controls. These functions will consist of flight management, station opera- 
tims management, planning and scheduling, and experiment management. 
Data Processing 
The acquisition of data must include both soft and hard data. This 
function will include collection, conditioning, and combining of data for 
subsequent data processing functions. The types of data that will be included 
are command and cmtrol, maintenance and repair, and experiment support. 
Hard data will include physical data, photographic film, and samples or speci- 
mens from the lunar surface. Data will be collected from the following 
sources : 
1. OLS subsystems 
2. Crew input through nonmachine devices 
3. OLS integral experiments 
4. Detached (free-flying) experiments 
5. Lunar surface operations 
6. Logistics vehicles such as the tug or cislunar shuttle 
The conditiming process for soft data must include analog-to-digital 
conversion, parallel-to-serial conversion, and time annotation. The condi- 
tioning process for hard data will included photographic processing, oscillo- 
graph processing, image processing, and diagnostic analysis, cataloging, and 
package of lunar samples. 
The processing function will provide for the transfer of data between 
the acquisition and distribution fbnctions. The processing must include the 
following : 
1. 
2 .  
3 .  
4. 
5. 
6. 
7. 
8, 
9. 
Receiving transferred data 
Separating mixed data 
Routing data within the assembly 
Compressing data 
Analyzing data 
Editing data 
Transferring data 
Computation 
Format 
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Computation will involve processing data on control of the station, subsystems, 
experiment, lunar surface operation, logistic vehicle (tug) , or detached free- 
flying experiments; processing data required for mission planning and sched- 
uling of operations and experiment activities and processing and analyzing 
data for anomoly detection and resolution. 
Communications 
The role of the OLS as the remote command center for other lunar pro- 
gram elements results in a complex relationship between OLS self-sufficiency 
and the interface it must provide with other spacecraft. The communications 
approach needed to maximize OLS autonomy would tend to be one of reducing 
the data rate and contact time requirements of the OLS to earth link( s) e 
However, the OLS must support other lunar program elements such as the space 
tug, lunar surface base, free-flying satellites, and the cislunar 
shuttle (CLS) when it is in the vicinity of the moon, and a substantial 
communications capability is required. Use of the OLS's communication system 
as a relay to the earth is a recommended function. The incremental buildup 
of the desired level of autonomy indicates a requirement for a high data rate 
system, and such a system could be consistent with the OLS's system support 
role e 
Tracking 
The overall tracking lhnctions can be subdivided into three categories: 
ephemeris determination, antenna pointing, and rendezvous and docking. Ephem- 
eris determination pertains to state vector establishment of the OLS, space 
tugs, cislunar shuttles, and free-flying satellites. Antenna pointing is a 
continuous function during all communications between elements operating in 
the lunar vicinity as well as between the OLS and earth. Rendezvous and 
docking is a combination of the two with the addition of unique requirements 
for determination of range and range rate. 
Ground Interfaces 
The preferred i1;iplementation plan for autonomy is incremental activa- 
tion and therefare the ISS will have to rely on gr3und support for certain 
functions. The following is a listing of the interfaces imposed on the 
grmnd : 
1. The OLS w i l l  transmit voice, color TV, engineering telemetry, 
experiment telemetry, and facsimile to the ground and vice versa. 
2, The ground will conduct programmed autonornous operations prior to 
on-board activation and will provide support in the activation of 
those autonomous operatims. 
3 .  The ground will provide detailed library information on long-life 
assurance and experiment operatim, which could not practically be 
furnished on board, 
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4. m e  ground will conduct all detailed evaluation of experiment 
data generated by the OLS and the other modules and vehicles 
operating in the lunar vicinity. 
5. The ground will provide data relay between the OLS and the other 
operating elements in the lunar vicinity if direct communication 
cannot be achieved, or the selected data relay satellite system 
(such as an orbiter about the L2 libration point) is selected. 
6. The ground will provide backup for all ISS functions that involve 
crew safety during contingency operations such as tug rescue oper- 
ations e 
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5.0 SAFETY AND RESCUE 
5,1 INTRODUCTIOPJ AND SUMMARY 
This section presents safety and rescue related ground rules, criteria, 
analyses, and derived operational and design requirements for the OLS. 
emphasis in this section has been placed primarily upon operational consider- 
ations and justification for many of the system and subsystem safety require- 
ments documented in Volume 111. 
The 
The subject of safety and rescue is treated in this section in two 
main parts, i.e., OLS system safety and OLS safety and rescue support. OLS 
system safety (Section 5.3) deals with OLS operational safety requirements 
inherent to safe operation of the OLS and its crews OLS safety and rescue 
support (Section 5.4) deals with additional OLS operational considerations 
and requirements related to the safety of other lunar program elements such 
as the tug and the lunar surface base. 
The following are the major conclusions reached: 
1. Two separately pressurizable volumes, with dual connecting 
hatches, provide adequate crew safety in event of a pene- 
tration of one pressure volume by a one gram meteoroid, 
having an impact probability of .001 in 10 years. 
2. The combined capabilities of the airlock in the permanently docked 
experiment module, the airlock in the normally docked rescue tug, 
and the power boom extension, provide at least one safe return 
route to the crew in the event of a failure of the IVA/EVA (inter- 
volume) airlock during IVA or EVA operations. 
3 .  The OLS must be capable of supporting 12 additional crewmen for 
up to 55 days in the event of a failure requiring resche of the 
LSB crew. 
5 e 2 DEFINITIONS 
The following definitions are presented for terms that are used in 
Section 5.0. 
Accident - an unplanned event that results in an unacceptable situa- 
tion or  operational mode 
Hazard - Any situation or condition that significantly increases the 
probability of injury to personnel or permanent damage to equipment 
Contilining a Hazard - Limiting the area and time over which a hazard 
extends 
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Controlling a Hazard - Reducing the hazard to a safe (iee@, non- 
hazardous) situation 
Critical Functions - Those functions necessary for crew and mission 
continuation 
Escape - Departure from a specific location by means available at 
the site of imminent danger 
Rescue - Evacuation of personnel from a distressed vehicle or base 
using separately based vehicle(s), and the subsequent safe return 
to the OLS and/or to a safe earth orbit 
Safety Support - Any function provided by the OLS that increases 
the probability of crew safety of other lunar program elements 
5 e 3 OLS SYSTEM SAFETY 
This section presents the safety criteria, analyses, and requirements 
inherent to the safe operation of the OLS and its crew. 
5.3.1 System Safety Goals 
Since an objective of the OLS program is to achieve a routine type of 
space operations, a very high degree of system safety must be achieved. 
order to ensure this, program-level system safety goals, which cover both 
crew safety and the freedom from risk of damage to equipment were defined as 
follows : 
In 
1. No single malfunction or credible combination of malfunctions 
and/or accidents shall result in injury to personnel or loss 
of mis s ion. 
2. Catastrophic and critical hazards shall be eliminated or 
controlled. 
These goals describe broad program objectives which, when met, will 
assure the proper emphasis on system safety commensurate with the prime 
impartance set on personnel safety by NASA, and with the high cost of m a n -  
ufacturing, launching, and operating space hardware. 
5.3.2 System Operational Safety Criteria 
A presentation of overall system safety criteria is documented in 
Section 2.0 of Volume 111. Specific safety requirements for each subsystem 
in the OLS appear in Sections 4.0, 5.0, 6,0, and 7.0 of Volume 111, Included 
herein are those criteria that are imposed primarily by operational consider- 
ations to satisfy the system safety goals defined above. 
5-2 
SD 71-207 
North American Rockwell 
1. 
2, 
3. 
4. 
5. 
6. 
7. 
8 .  
9. 
10 e 
11 B 
12 0 
Capability shall be provided for performing critical functions 
at an emergency level until the affected function can be restored 
or the crew returned to earth (a) with any one pressure isolatable 
compartment inactivated, isolated, and vacated due to an accident; 
or (b) with any credible combination of a subsystem tnactivated 
as a result of an accident and a portion of a redundant or backup 
subsystem inactive for maintenance, 
Two or more entry/egress paths shall be provided to and from 
every pressure is olatable cmpartment or other area with restricted 
access a 
Provision shall be made for the protection and survival of the 
whole crew at an emergency level during solar stoms. 
An onboard margin of conswnables shall be provided that is suf- 
ficient for performing critical functions at a reduced level 
following (a) the nonarrival of any one planned logistics vehicle 
(55 days) or (b) any credible accident which renders one compart- 
ment unavailable (at least 30 days). 
Provision shall be made for emergency medical treatment for dur- 
ation compatible with the rescue/escape and earth return provi- 
sions. 
Provisions shall be made for the emergency return of sick or 
injured crewmen to earth, compatible with the emergency medical 
provisions e 
The safe environment and the safe operational status of activated 
subsystems within the orbiting vehicle shall be verified prior to 
personnel entry initially and prior to reentry following temporary 
evacuation of the whole vehicle, 
A l l  EVA shall be conducted either (a) using the "buddy" system or 
(b) within visual range of a suited crewman ready to exit. 
Provision shall be made for the containment and/or disposal of 
toxic contaminants following credible accidents. 
Provisions shall be made for containing (i.ee, confining) and 
controlling (i .e. , restoring to a safe condition) emergencies 
such as fires, toxic contamination, depressurization, structural 
damage, etc. 
High-energy release equipment, such as pressurized tanks, propel- 
lants, etc,, shall be located or protected so that a failure of 
one upit will not propagate to others. 
Potentially explosive containers such as high-pressure vessels or 
volatile gas storage containers shall be placed outside of and 
as remotely as possible from personnel living and operating 
quarters and, wherever possible, isolated and/or protected. 
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13. Emergency suits required in the OLS shall be in readily access- 
ible locations * 
5.3.3 System Safety Analyses 
This section describes a number of safety-oriented analyses that were 
performed in support of design tradeoffs, or in determining design criteria. 
Station Compartmentation 
The criteria requiring crew survival with any one pressure isolatable 
volume vacated due to an accident has been a strong driver in determining the 
configuration of the OLS and the layout of equipment in it. The selected 
configuration is separated into two separately pressurizable volumes by a 
pressure bulkhead. 
one deck and the ceiling of another, can accept the full atmospheric pressure 
in either direction with the other vdume evacuated. This will enable the 
crew to survive in one volume in the event of an emergency in the other which 
requires depressurization or sealing off the other (due to contamination, for 
example). "be bulkheads separating the other decks are not designed to with- 
stand any pressure differential; free access between decks in each volume 
exists e 
This pressure bulkhead, which also acts as the floor of 
Each of the two volumes contains four staterooms with two bunks. 
Normally, these staterooms are occupied by one man each, but in the event of 
an emergency requiring evacuation of one volume, the full complement of 8 
men can be accommodated in the other vdume by using the two bunks in each of 
the four available staterooms. Other crew facilities, such as toilets, 
lavatories, showers, and cooking facilities, are similarly divided between 
the two volumes. A prime control center is located in one deck, with a 
backup control center in a deck in the other volume. This backup center has 
.:;he fill capability of performing the necessary control and command functions 
needed for crew safety until repair or rescue can be effected. 
Conswnables, such as food and equipment spares, will also be divided 
between the two volumes. Remote equipment will be controllable from either 
volume without requiring access to the other. Docking ports are provided in 
each volume so that rescue can be effected by the tug, if necessary, from 
either volume e 
Entry/Egress Paths 
The criteria requiring tw3 or more entry/egress paths from every 
compartment or other area with restricted access are implemented at five 
levels : 
1. Each stateroom, lavatory room, toilet, shower, or other confined 
area vi11 have, besides its normal door or other access way, a 
knock-out panel for emergency exit of crew members. Where there 
is sufficient roomg the knock-out panel w i l l  be opposite the 
normal access way and will lead to a different area, 
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2. 
3. 
4. 
Emergency 
Access from one deck to another is through two openings. One is 
the n o m 1  access route and is located at the centerline of the 
OM. The second is for emergency use and is sized for personnel 
transfer. 
as possible to preclude a single accident rmking both openings 
unavailable. 
It will be located as remotely from the normal opening 
Two openings are provided between the two volumes. One of these is 
a pressure hatch located in line with the main openings between 
decks so as to provide a clear unobstructed path through the sta- 
tion. The second opening consists of an airlock capable of 
accommodating two men at a time. 
To allow two entry/egress paths to a docked tug or module, the 
docking hatches on the OLS will have a hatch within a hatch. 
consists of a removable window panel. 
to open the f u l l  hatch, this window panel may be removed to allow 
transfer of personnel in an emergency. While this does not provide 
two separate paths to a docked vehicle, it does satisfy the intent 
of being able to ensure crew transfer following a hatch failure. 
A second access path to and from the OLS will be available by EVA, 
This 
Should it not be possible 
Depressurization 
Micrometeoroid protection is provided to the criterion of 0.9 proba- 
bility of no penetration of crew or systems components for ten years (see 
Section 7.7 of Volume 111 for a presentation of requirements, Section 3.6 
of Volume IV for design considerations, and Section 3.6 of Volume V for the 
selected design configuration). 
accident to be penetration of the primary OLS structure by a meteoroid of 
1.0 gram mass, 0.615 inch in diameter, which will produce a hole of approxi- 
mately 2.25 inches in diameter, The probability of this size meteoroid not 
impacting the OLS in 10 years is .999. In the unlikely event of this pene- 
tration occuring, the OLS is provided with appropriate design and equipment 
safety features to cope with the effects of such an accident. 
Section 7.7 of Volume I11 defines a credible 
The lowest acceptable pressure level for personnel to f'unction safely 
(based on results of studies reported by the NASA) is approximately 9.1 psia 
with a gas mixture of 20.9 percent 02, 79.1 percent N2@ 
O2 partial pressure of 1.9 psia. 
umes are normally left open, a 2.25-inch hole will result in a decompression 
time from 14.7 to 9,i psia of approximately 10 minutes. 
time for the crew in the failed volume to escape to the unfailed volume and 
close the hatches. Available access to pressure walls for repair of pressure 
leaks has been a major design consideration in the location of OLS equip- 
ments, cabinets, etc e 
volume to enable the crew to subsequently repair the leak in the depressur- 
ized volume. 
This results in an 
Assuming the hatches between the two vol- 
This allows ample 
Two IVA suits (PGA's) are stored in each pressure 
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Fire Detection and Fire Fighting 
Fire on board the OLS is one of the most likely and potentially most 
catastrophic of hazards. The approach taken consists of: 
e Control of flammable materials 
e Fire detection and warning provisions 
e Fire-fighting provisions 
Crew escape provisions 
Control of flammable and toxic materials is governed by requirements 
in Section 2.1 of Volume 111. 
Certain materials, however, such as food supplies, personal equipment, 
books, clothing, and materials required for some experiments will be flam- 
mable. Electrical equipment is also prone to fires in certain types of 
failures, The control of flammable materials is therefore not sufficient to 
preclude fires, but is a means for reducing both the probability and extent 
of fires. 
Provisions for fire detection and warning to the crew also are 
governed by requirements in Section 2*1 of Volume 111. 
The approach considered for fighting fires consists of providing two 
portable, hand-held fire extinguishers, two portable fire-fighting flasks, and 
the emergency lights on each deck. The masks have a 15-minute oxygen supply. 
The fire extinguishers will use carbon dioxide, which is effective for exting- 
uishing small fires. Carbon dioxide can be extracted from the atmosphere by 
the molecular sieve. Foams and water have been considered, but the potential 
exists for causing damage greater than that from the fire, and it is difficult 
to remove the foam in zero-g. The extinguishers must have small, directional, 
nozzles so that they can be inserted inside a container or piece of equipment. 
A backup fire control consists of evacuating the affected compartment, 
closing the hatches, and dumping the atmosphere to vacuum. A six-inch dump 
valve is provided in each volme. This procedure is to be used only if it 
becomes apparent that the fire is too large for the fire extinguishers to 
control; it should only be resorted to if a large amount of flammable material 
has inadvertently been introduced into the OLS. 
Sixteen face masks, each with a five-minute supply of oxygen, are pro- 
vided, eight in each volume s This arrangement enables tempora,ry protection 
from fumes while the men are escaping to the other volume. There are suffi- 
cient masks on bard for the crev complement during fill crew turnover 
between the two volumes. 
The operational procedures following a fire warning are as follows: 
Electrical power to the affected equipment or area is cut, either automati- 
cally by the information subsystem or manually from the control center, At 
the same time, air circulation in the affected volume is stopped, to reduce 
flame and fume propagation, Two assigned crewmen don masks and proceed to 
the affected area (as directed by the monitor and warning system) and attempt 
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to extinguish the fire. Other crewmen may stay at their posts, or if the fire 
appears likely to spread, don their masks and proceed to the other volume. If 
the fire cannot be extinguished, the fire-fighters take any precautionary 
measures possible to minimize firther damage to equipment, and evacuate to the 
safe volume. The affected volume is now closed off, its power severed, and 
the atmosphere dumped. After a suitable length of time (perhaps a few hours), 
subsystem status is ascertained by the onboard checkout equipment, and when 
status is established to be safe, the volume is repressurized from the onboard 
air supply and reoccupied. 
tory investigations and repairs are carried out by IVA, 
If a safe status cannot be established, explora- 
Radiation Protection 
Radiation protection for the OLS crew must be provided in accordance 
A discussion with the requirements presented in Section 7.7 of Volume 111. 
of these requirements and various design concepts is presented in Sectlon 
3 e 6  of Volume IV. 
3.6 of Volume V. 
the entire crew from the effects of one solar flare event as defined by NASA 
in TMX-53865. From an operation standpoint, it has been determined that if 
a solar flare event were to occur, the exposed crew would have to be returned 
to earth within five weeks before the probability of not seeing another event 
dropped below 95 percent. 
capable of protecting eight crew; and including one of the cmtrol centers, 
the backup galley, and a hygiene facility. 
within the confines of the shelter and still maintain minimum required oper- 
ations e 
The selected design for the OLS is presented in Section 
In brief, the OLS must incorporate radiation protection for 
The design concept selected is a storm shelter 
This will enable the crew to stay 
Airlocks for IVA and EVA 
Airlock capability is required on the OLS to allow IVA for inspection, 
maintenance, and repair in a depressurized or toxic-filled volume, and EVA 
for similar activities outside the station. N o r m a l  operations of the OLS do 
not require IVA or EVA. Requirements for airlocks are: 
1. 
2 ,  
3 .  
IVA airlock capability for two suited men to move from one 
volume to the other: The affected volume may be depressur- 
ized, or toxically contaminated; e.g., with fumes from a 
fire. Return to the habitable volume must preclude contam- 
ination of that volume e 
EVA airlock capability for two suited men to exit from and 
return to the OLS: 
to exist in one volume; if that volume has an uninhabitable 
environment as a result of an accident, access to the EVA 
airlock can be obtained through the IVA airlock, 
It is sufficient for this EVA capability 
An emergency EVA return airlock for EVA men into the station in 
the event of a malfunction which prevents return through the EVA 
airlock: 
airlock is acceptable since this would be an emergency situation. 
Capability to return one man at a time through this 
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4, 
5. 
6. 
Sizing of the airlocks so that maximum expected rate of use will 
not reduce the partial pressure of oxygen in the habitable volume 
to below the minimum acceptable level of leg psi: 
emergency rates of pressurization and depressurization also must 
be set. These requirements are reflected in the specifications 
for the structures subsystem and the crew habitability subsystem. 
N o m 1  and 
Provisions for prebreathing 100 percent o-xygen for three hours by 
IVA/EVA men to minimize possibility of getting the bends: 
considering the worse case of going from 14.7 to suited 3.7 psi. 
In addition to the prebreathing time, approximately ten minutes 
should be allowed for donning the pressure garment assembly (EA), 
entering the airlock, pressurizing the PGA, depressurizing the air- 
lock, and opening the external hatches. The prebreathing time was 
confirmed by the Medical Research and Operations Directorate at 
This is 
NASA-MSC e 
Two PGA's readily available from either volume: 
crew are to be specifically trained for IVA/EVA operations. It 
may become necessary to make new PGA's available to fit the new 
crew when these crewmen are replaced. Access to the two suits from 
either volume allows IVA/EVA operations following the sudden loss 
of access t3 either volwe. 
Two men in each 
The above requirements for the airlocks are satisfied in the OLS design 
by three airlocks: 
the power boom structure. 
the IVA/EVA airlock, the experiment module airlock, and 
The IVA/EVA airlock is located between the floor and ceiling of deck 
2. It contains three hatches, all opening outward: one to the floor of 
deck 3, one into deck 2, and one out to space at the same level as deck 2. 
This airlock is designed to hold two men in a pressure suit with a portable 
life support system (PLSS) backpack, so as to allow for buddy operations. 
The airlock can be used to gain IVA access from either of the two 
volumes into the other and for EVA access to space from either of the two 
volumes, It thus satisfies the first two requirements listed above. 
The hatch from deck 3 to the airlock along with the hatch into deck 2, 
acts as the second or auxiliary ingress/egress route between decks 2 and 3. 
The experiment module permanently docked to deck 1 contains an airlock 
for servicing subsatellites in a shirtsleeve environment. The airlock portion 
of the module is circular in cross-section (approximately 14 feet ID) and has 
a nominal ceiling height of 7 feet. The airlock has one hatch into deck 1 
and another one to space, 
The power boom structure attached to the end of deck 4 can be used as 
an EVA airlock, 
this extra capability is available. 
Although not specifically required by the requirements above, 
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No IVA/EVA operations have been identified to be time-critical 
emergencies; ice*, requiring IVA or EVA within a few hours to prevent loss 
of personnel or additional loss of equipment; there is therefore no require- 
ment for a backup IVA/EVA crew t o  be immediately available in case the prime 
crew is incapacitated. 
the men have recovered or a CLS 
their own E A ' S ,  if necessary. 
In such a case, the IVA/EVA will be postponed until 
can be brought up with aa IVA/EVA crew and 
In order to show the capability provided by the OLS design, the oper- 
ations following the worst-case conditions of IVA or EVA, and a subsequent 
mlfunction preventing use of the IVA/ETA airlock are described below with 
the aid of Figure 5-1. 
RESCUE TUG 
AT -Y PORT 
BOOM TVA/EVA 
bSORTIE TUG AT 
+Y PORT 
Figure 5-1. OLS Configuration Schematic 
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1. 
2* 
3 .  
IVA from volume 1 to volume 2: 
volume 1 to volume 2 e  Emergency return to volume 1 by EVA: Leave 
using docked tug airlock, power boom extension, or any docking 
port (after depressurizing volume 2); and return to volume 1 via 
experiment module airlock. 
docked to volume 2) and fly to a volume 1 docking prt. 
Note: The lunar lander tug design concept incorporates an air- 
lock at the tug crew module docking port, This airlock has a 
side hatch to space. 
Use IVA/EVA airlock to get from 
To avoid EVA, board tug (normally 
IVA from volume 2 to volume 1: 
volume 1. Emergency return to volume 2 by EVA: Leave using 
experiment module airlock, or any docking port (after depressur- 
izing volume 1). Return to volume 2 through the tug airlock or 
power boom extension. Again, to avoid EVA, the tug docked to 
volume 2 can be flown to volume 1, pick up IVA crewg and return 
to volume 2 m  
Use IVA/EVA airlock to get to 
EVA from either volume with both volumes habitable: 
airlock to leave. Emergency return to OLS: Enter station through 
experiment module airlock, docked tug airlock, or pressure boom 
extension. 
Use IVA/EVA 
The above operations suggest the desirability, but not a requirement, 
for performing IVA operations only when a tug is docked to volume 2, i.e., 
the opposite volume from the experiment module. This operational guideline 
can be accommodated readily since there is a requirement that a tug, capable 
of rescue of the entire crew to a safe earth orbit, normally be docked to the 
OLS * 
Fluid Storage Tanks 
The OLS cryogenics tanks and high pressure gas tanks have been located 
as remotely as possible from the habitable areas of the station for maximum 
safety in the event of a tank failure. The unpressurized areas at either end 
of the station provide the safest location for  these tanks. A mpture of one 
of the gas tanks will cause loss of the gas, but will not cause damage to the 
pressure shell of the station or propagate to other pressure vessels. To 
minimize the effects of a severe accident, such as a collison with a tug, 
half of the cryogenic and gas storage tanks have been located at each end of 
the OLS. Thus a catastrophic accident which causes loss of part of the sta- 
tion, allows rescue operations to continue in the remainder of the station. 
Rescue of OLS Crew 
The philosophy with respect to rescue is as follows: 
1. The design and operations goal of the OLS is to eliminate or 
control potential hazards that may result in the need for 
rescue 
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2. Means for rescue shall be provided to allow for accidents and 
other emergency situations, ieee, a tug shall be normally docked 
to the OLS, capable of providing rescue of the crew to a safe 
earth orbit. This capability is described in Section 2.0. 
5.4 OLS SAFETY ANI RESm SUPPORT 
This section is devoted to analyses and the determination of require- 
ments related to OLS safety and rescue support to other lunar program elements, 
The elements to be supported by the OLS (from the standpoint of safety and 
rescue) include the lunar landing tug, the lunar surface base (LSB), and the 
cislunar shuttle (CLS) e 
The OLS functions and performance levels required in support of other 
program elements will vary over the OLS operational life. 
sents the applicable mission and logistics models. The initial lunar opera- 
tions involve only lunar orbit operations, since the first tug sort-ie mission 
to the lunar surface occurs approximately six months after initial manning of 
the OLS in lunar orbit. The lunar surface base is established approximately 
three years after initiation of the OLS program, and continues in operation 
for a five-year period. Tug sortie missions continue at intervals throughout 
the OLS operational time period. 
Section 7.0 pre- 
5.4.1 OLS Safety Support 
The use of dual pressure volumes, strong on-board safety provisions, 
and medical facilities will provide other lunar program elements with major 
safety support. The OLS provides emergency quarters and supplies f o r  all 
personnel arriving and departing the lunar vicinity. The use of OLS communi- 
cations, G&C, the information subsystem, and crew as backup to other elements 
greatly increases the inherent operational safety of all elements. 
The basic safety support provisions of the OLS are as follows: 
1. Backup command and control of lunar tug operations during 
sortie missions and logistics operations 
2. Backup command and control of the cislunar shuttle during 
cislunar shuttle logistics operations 
3. Lunar surface base support: 
a. Medical holding facilities 
b. Earth-return staging 
e. Spare tug basing 
d. Communications 
4. Contingency planning support 
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OLS 
CLS/crew bus 
Sortie tug 
LSB 
LSB logistics tug 
Lunar orbit logistics tug 
By including the aforementioned capabilities, the OLS provides a 
redundant path for critical flmctions which are also allocated to the other 
programs. 
mission continuatt.on of other elements without earth contact. 
support surface sortie missions, particularly on the far side of the moon, 
may require provisions for continuous communication contact. Section 6.0 
discusses various data relay satellite concepts in support of l u n a  opera- 
tions s 
The use of the OLS in the command and control loops permits 
To adequately 
8 
4 
12 
6 (OLS to LSB) 
10 (LSB era) 
12 (CLS to OLS) 
5.4 e 2 OLS Zescue Support 
As the major command, conkrol, and operations center in the lunar 
vicinity, the OLS can perform a vital support role in the rescue of personnel 
from other lunar program elements should the need arise, The following para- 
graphs deal with the type and magnitude of rescue support of which the OLE 
must be capable. 
have been incorporated in the system and subsystem performance requirements of 
Volume 111. 
The appropriate design requirements based upon these analyses, 
Lunar Vicinity Populations 
“he maximum crew size for each of the lunar program elements is pre- 
sented in Table 5-1. The crew size figures are not additive since all 
elements will not have maximum crew size at the same time. 
I * Column not additive 
The above figures are compatible with the operational sequence model 
of Section 7.0 with one exception. The operational sequence is based upon 
use of the RNS as the cislunar shuttle, which results in no more than 6 men 
being rotated at one time. 
tial use of the chemical propulsion stage as the cislunar shuttle (see 
Section 7.5.3), resulting in a .possible crew rotation totaling 10 men. 
However, the above table is based upon the poten- 
T=, fully explore the extremes of OLS rescue support requirements, an 
analysis of possible locations of all personnel in the lunar vicinity was 
conducted, Table 5-2 presents those combinations of significance to the 
establishment of rescue requirements, Table 5-3 summarizes the OLS emergency 
crew support requirements for each of the cases presented in Table 5-2* A 
basic ground rule for this crew rescue analysis is that one rescue tug will 
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Number of Personnel 
OLS CLS -==I== Sortie LS B/OLS Tug Log istic Tus Case = 
1 
- 
2 
Combinations* Comments LS B - 
0 
0 
Totals 
- 
1 6  
16 
16 
1 2  
12  
2 0  
2 0  
26 
30  
30 
I -
I 
Occurs i f  OLS tug used 
to tvansfer 8-man rota- 
tion crew 
T1f14 e CLS delivered tug pro- vides CLS to OLS logistics, 8-man rota- tion 
Two docked tugs 
availabe, 8-man 
rotation 
Normal pre-LSB tug 
operations , 4-man 
rotation 
Normal pre-LSB, 4-maI 
rotation 
Normal LS B era opera- 
tions 
Normal LSB era opera- 
tions 
O I  O 
3 
- 
4 
5 
6 
- 
O I  
d T 4  
0 
O I  O 
1 2  
7 
8 
- 
1 2  
12 
1; 
12 
O 1  
During LSB logistics, 
6-man rotation 
RNS to OLS normal 
logistics 10-man 
rotation 
Tug to CLS-LSB era 
1 0-man rotation 
9 
- 
1 0  
11 1 2  30 OLS crew overlapped 
base era 
1 0-man rotation 
* TI = Tug docked to OLS 
T2  = Tug at LSB 
T3 = Tug on lunar sortie 
Cases 1 through 5 pre-LSB 
Cases 6 through 11 , LS B 
- indicates element not in lunar orbit 
T 4  = Tug on lunar orbital logistics mission 
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Table 5-3. Emergency Crew Support Requirements 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10 e 
11 e 
CLS f a i l s  
CLS f a i l s  
CLS f a i l s  
CLS fa i ls  
CLS f a i l s  
LSB fails  
(NO CLS i n  L.o.) 
LSB fa i l s  
(NO CLS i n  L.o.) 
CLS fails 
LSB f a i l s  
CLS fa i l s  
LSB f a i l s  
CLS fai ls  
LSB f a i l s  
CLS f a i l s  
LSB f a i l s  
*Total requirement 
~~ 
Crew Support Requirement * 
16 men f o r  55 days 
16 men for 55 days 
1 2  men f o r  55 days 
16  men f o r  up t o  28 days 
20 men for from 28-55 days 
20 men f o r  55 days 
14 men f o r  55 days 
16 men f o r  55 days 
18 men f o r  55 days 
20 men f o r  55 days 
18 men f o r  55 days 
20 men f o r  55 days 
18 men Tor 55 days 
20 men f o r  55 days 
including 8-man OLS crew 
Docked Tugs 
2 
2 
2 
2 
2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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normally be docked t o  t h e  OLS, and another rescue tug  will be on t h e  lunar  
surface near t h e  LSB. 
lunar  s o r t i e  missions and t o  resupply the LSB. 
Hence, a t h i r d  tug  is  required i n  order  t o  conduct 
During t h e  pre-LSB era, cases 1 through 3 present  t h e  g r e a t e s t  require- 
ment f o r  addi t iona l  OLS crew support. 
t h a t  t he  CLS fa i ls  i n  lunm o r b i t  while providing an 8-man OLS crew ro ta t ion .  
This imposes a requirement upon t h e  OLS t o  support 8 addi t iona l  men (a  t o t a l  
of 16) for a period of 55 days. This time per iod i s  based on t h e  c i s lunar  
s h u t t l e  (CLS) optimum e a r t h  departure opportunity frequency of every 55 
days. (Refer t o  Sect ion 7.0 f o r  a de t a i l ed  discussion of c i s lunar  s h u t t l e  
f l i g h t  frequencies.)  
CLS v i s i t a t i o n  t o  lunar  o rb i t ,  two tugs docked t o  t h e  OLS a re  ava i lab le  t o  
share c e r t a i n  crew support requirements (sach as s leeping accommodations) , 
as  indicated on Table 5-3, 
ables) ,  however, must be provided on t h e  OX. 
I n  each of these  cases it i s  assumed 
Since s o r t i e  missions normally w i l l  not occur during a 
All addi t iona l  support provisions ( i e e e 9  expend- 
W i n g  the  LSB era ,  cases 9, 10, and 11 (based upon an LSB f a i l u r e )  
impose the  most severe rescue support requirement on the  OLS, i .e . ,  support 
t o  a t o t a l  of 20 men f o r  up t o  55 days on the  OLS. 
t y p i c a l  of t h e  three  cases) ,  t he  LSB crew requires  emergency rescue during 
the  CLS 16-day staytime i n  lunar  o r b i t ,  immediately a f t e r  t he  10-man ro t a t ion  
crew (6 LSB plus 4 OLS crew) has been moved ink0 the  l o g i s t i c s  tug crew mod- 
u le  from the  C L S  crew bus. In  t h i s  s i t ua t ion ,  t he  CLS would t ranspor t  10  men 
t o  e a r t h  on i t s  r e tu rn  t r i p ,  leaving 20 men i n  the  lunar  v i c i n i t y .  The LSB 
rescue tug i s  capable of t ranspor t ing  the  12-man LSB crew t o  the  OLS unless  
an excessive plane change i s  required ( see  Section 2.0 f o r  tug rescue capa- 
b i l i t y  as a flmction of time of t h e  month). For t h e  excessive plane change 
case, the  LSB s ta t ioned  tug  can rescue t h e  12-man crew t o  a safe lunar o r b i t ,  
rendezvous and dock with the  tug from the  OLS, followed by completion of t he  
rescue t o  the  OLS by t h e  l a t t e r  tug.  The OLS must provide crew support t o  
the 8-man OLS crew plus  the 12 men rescued f r o m t h e  LSB f o r  a period of time 
up t o  55 days. In  an extreme emergency (such as in jured  crew) all, o r  pa r t ,  
of t he  12-man LSB crew could be t ransported t o  a s a f e  ea r th  o r b i t  by t h e  f u l l y  
fueled s o r t i e  tug s t a t ioned  at  the  OLS, Subsequent rescue t o  e a r t h  would 
then be performed by an addi t iona l  vehicle ,  such as an ear th- to-orbi t  
s h u t t l e  (EOS) e 
I n  case 9 (which i s  
I n  summary, plaus ib le  requirements f o r  an emergency capab i l i t y  t o  
support 20 men fo r  up t o  55 days can be iden t i f i ed .  The OLS can share 
h a b i t a b i l i t y  provisions such as l i v i n g  space, couches, and nonexpendable 
crew provisions with docked tugs; however, the  OLS must provide expendables 
and medical f a c i l i t i e s  f o r  the e n t i r e  20 men. 
Support Contingencies 
There a re  c red ib le  f a i l u r e s  associated with a l l  of t he  o ther  program 
elements, which r e s u l t  i n  rescue support c a p a b i l i t i e s  being required of t h e  
OLS. The emergency s i tua t ions ,  t he  elements involved, and possible  OLS 
rescue support a r e  defined i n  Table 5-4. 
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The OLS orbit maneuver capability will be quite limited because current 
system ground rules use the tug for any major delta V requirement. However, 
the OLS RCS will provide orbit maintenance and attitude control capabilities 
that will result in a limited maneuver capability. 
would not maneuver but would use the docked tug to effect a rescue. A s  cur- 
rently configured, there is no single failure on another program element that 
would not permit rescue by a tug. 
available in lunar orbit when the CLS visits the OLS vicinity. 
In most cases, the OLS 
Current plans indicate two tugs would be 
The guidance and navigation support of other system elements is reason- 
able, because the OLS can be provided with a much larger capacity than elements 
that must frequently maneuver. The support can occur at any time during oper- 
ations of other program elements. The addition of capacity to support rescue 
operations appears a reasonable function to assign the OLS. The use of relay 
satellites to provide continuous communicat:i.ons contact between elements in 
the lunar vicinity might permit the OLS to d?crease rescue response times. 
Attitude control support is envisioned as a remote possibility of a 
-Lug loses attitude control capability while performing the docking maneuver. 
OLS attitude support would probably be limited to roll rate matching because 
yaw or pitch matching would involve translation except over very narrow 
limits. As with translation support, the other docked tug would be the 
logical choice to use in most rescue cases. 
The OLS, as an orbiting element, is a relay point for cmm.nications 
between various elements. Because the OLS is a fixed element, it is reason- 
able to maximize its capability to save weight on mobile elements. In most 
credible cases involving rescue of surface or lunar orbit elements, the OLS 
will be a key relay point for communications. The addition of data relay 
satellites would permit continuous communications contact between lunar 
elements (refer to Section 6.0 for discussion of various concepts). 
The significant computational capability needed to support normal 
operations and experiments combined with the crew skills indicates a strong 
potential for cmtingency planning support in rescue operations. 
will provide the operations center function for any credible rescue situation 
in the lunar vicinity that involves the other elements. 
The OLS 
Rescue aids consist of the OLS crew and special devices. If the docked 
tug effects the rescue, the OLS can provide personnel with special medical or 
other skills. In the case of a CLS failure involving extended stay of a 
rotating crew, the OLS can provide habitation until earth return can be 
accomplished. However, in cases of EVA support of docked elements, the OLS 
must provide the means to rescue these personnel. 
The remote control capability permits the OLS to support tug, CLS, or 
LSB operations when their crews are injured. This capability also permits 
use of unmanned rescue vehicles or use of nonpilots when conducting a rescue, 
To provide continuous capability for all rescue contingencies, a data relay 
satellite network is needed. 
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The only case where the pressurized volume of the OLS supports other 
elements is during those operations when the tug is docked to the OLS. A 
puncture and atmosphere loss on the tug would take longer to reach a danger- 
ous level if docked open-hatch to the OLS. If personnel are injured, the 
OLS's pressured volume supports rescue. 
External structure or docking subsystem attach points for safety lines 
These provisions can be made part of permit rescue of injured EVA personnel. 
the OLS and provide the basic rescue means during all EVA'S where EVA is in 
support of other elements. Sections 2,O and 5.0 of Volume I11 present the 
current requirements to support EVA. 
Use of the OLS as a tug base results in an interface between the OLS 
and any rescue operations involving the docked tug. Rescue considerations 
will result in requirements for rapid access and launch of the tugs from the 
OLS e 
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6.0 ObS COMMUN NS REQUIREMENTS AND 
LUNAR COMMU N RELAY CONCEPTS 
6.1 SUMMARY 
Effec t ive  communication capab i l i t y  between t h e  various 1 nar program 
elements (LPE's) and between e a r t h  and t h e  LPE's  mandatory f o r  t h e  lunar  
program. The OLS, as t h e  cont ro l  center  for lunar  a c t i v i t i e s  including 
rescue operations,  i s  expected t o  serve a prime r o l e  i n  t h e  communication 
functions e Theref ore, a preliminary study was conducted t o  i d e n t i f y  t h e  
OLS communication requirements and t o  evaluate lunar  communication r e l a y  
concepts t o  f i l l  t h e  voids i n  t h e  communication links. The lunar  r e l a y  
concepts which were examined are: (1) lunar-orbi t  s a t e l l i t e  re lay,  (2) 
lunar o rb i t  s a t e l l i t e - t o - s a t e l l i t e  re lay,  (3) L2 l i b r a t i o n  point  Himming- 
b i r d  s a t e l l i t e  re lay ,  and (4)  L2 Halo o r b i t  s a t e l l i t e  re lay.  Concepts (1)> 
( 2 ) ,  and (4)  have r e l a t i v e l y  small delta-V requirements f o r  stationkeeping, 
whereas concept (3) has la rge  delta-V requirements. The comparisons of the  
s a t e l l i t e  concepts were conducted only t o  i d e n t i f y  p o t e n t i a l  OLS design 
dr ivers .  A more de t a i l ed  study would be required t o  s e l e c t  a prefer red  data 
r e l a y  s a t e l l i t e  concept. The differences i n  OLS design requirements t h a t  
are  imposed by each of t h e  concepts evaluated a re  negl ig ib le .  For purposes 
of t he  OLS study, t h e  s a t e l l i t e - t o - s a t e l l i t e  concept was se lec ted  as t h e  
basel ine model. 
6.2 OLS C0MMLTNICATIOT;T REQUIREMENTS 
A preliminary ana lys i s  w a s  conducted t o  i d e n t i w  communication require- 
ments between the  OLS and other  lunar  program elements (LPE's) and ear th .  
The basic  f ac to r s  evaluated were (1) the  type of communication required and 
( 2 )  t he  a v a i l a b i l i t y  of t he  communication l i n k  t o  and from the  OLS. 
former was categorized under the  following: t e l ev i s ion ,  facsimile ,  computer 
data,  subsystems telemetry,  experiment telemetry, voice, command, and t rack-  
inglranging. 
The 
The l a t t e r  w a s  c l a s s i f i e d  under: 
1. Continuous DSP (during spec i f i c  periods; usua l ly  during a 
c r i t i c a l  maneuver o r  operat ion)  
2. Any t i m e  (must be ab le  t o  e s t a b l i s h  communication l i n k  a t  
any time i f  t he  need a r i s e s )  
3 Frequently (For manned vehicles  capab i l i t y  f o r  communica- 
t i o n  with t h e  OLS a t  l e a s t  once every few hours appears 
des i rab le  espec ia l ly  f m m  sa fe ty  consideration. ) 
4 Regularly scheduled (preplanned) 
5 e A s  required (occasional ly)  
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The result of this preliminary analysis is presented in Table 6-1, 
The matrix table defines the type of communication and the required link 
availability for OLS communication to and from each LPE and earth. 
example, communication capability to the earth (first row) consists of 
(1) television and facsimile at regular schedules and (2) voice communication 
frequently, 
For 
The analysis indicates no requirement for continuous communication 
between the OLS and other elements. However, there are a number of minimum 
communication capability requirements that cannot be satisfied because of 
limited line of sight between the OLS and other LPE's, These are indicated 
in Table 6-1 by heavy-lined blocks and present a need for some form of com- 
munication relay system station (e.g., satellites), except for communicattons 
between the OLS and earth and the fuel depot. Of major concern is the 
requirement for frequent communication capability to a manned tug on a sur- 
face mission. This is because the tug crew can have up to 11 days during 
which they have no line of sight of the 60-nautical mile polar orbit OLS. If 
the landing site is on the near side, earth relay can be used. However, for 
a landing site on the far side, some type of lunar relay system is necessary. 
A special requirement associated with the unmanned tug landing mission 
is the desirability for continuous TV of the lunar terrain to the OLS during 
the powered descent phase so that the OLS can aid in the guidance and control 
of the landing maneuver. 
during orbit and powered descent can be maintained based on an Apollo-type 
landing profile that employs coplanar maneuvers. For noncoplanar landings, 
line of sight cannot be maintained. 
Continuous line of sight between the OLS and the tug 
6.3 LUNAR COMMUNICATION RELAY SYSTEMS 
A number of lunar cmmunication relay concepts were introduced in 
Section 2.0, Orbit Determination. The candidate concepts consisted of: 
(1) lunar orbit satellite relay (Figure 2-16), (2) lunar orbit satellite-to- 
satellite relay (Figure 2-15), and (3) L2 libratim point satellite (Figure 
2-17) e 
The L2 satellite relay has received wide attention for providing the 
vital link between the earth and the moon's far side for post-Apollo missions. 
However, for lunar programs that involve a lunar control center such as the 
OLS, the lunar orbit satellite concepts warrant consideration. 
Although a comprehensive evaluation of the concepts is beyond the 
sc3pe of this study, preliminary analyses were conducted t3 compare the con- 
cepts and to determine any major impact on the OLS, if any. 
The satellite relay concept is illustrated in Figure 6-1, and consists 
of three satellites in lunar equatxial orbit at an altitude of 2800 nautical 
miles. This altitude permits a ?-degree clearance above the grazing angle 
when the satellite is viewed from the 60-nautical mile polar orbit OLS when 
the OLS is above either pole, As shown in the figure, the satellites provide 
32-degree beam overlapping coverages of the lunar surface and orbit. 
concept assumes an S-band link between lunar elements and between lunar 
The 
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Table 6-1. OLS Communication Capabi l i ty  Requirements 
I\ 
C a p a b i l i t y  voice 
computer T rack ing  
TV f a c s i m i l e  
Regu la r ly  
scheduled 
Regu la r ly  
schedu led  
f r e q u e n t l y  
F requen t ly  
To e a r t h  
From e a r t h  Regu la r ly  
schedu led  
Regu la r ly  
scheduled 
As 
r e q u i r e d  
A9 
r e q u i r e d  
As 
r e q u i r e d  1 1 CODtinUOUS DSP(3) 
Frequen t ly  
lo manned tug  
From manned t u g  con t inuous  
DSPc3)  
Frequen t ly  
As 
r equ i r ed  
As 
r e q u i r e d  
To unmanned tug  
From unmanned t u g  AS 
r e q u i r e d  
Continuous 
D S P ( 4 )  
Regu la r ly  
schedu led  
To f u e l  depot 
From f u r l  depo t  
To f r e e - f l y i n g  
s a t e l l i c e s  
From f r e e - f l y i n g  
s a t e l l i t e s  
To c i s l u n a r  s h u t t l e  I-- From c i s l u n a r  s h u t t l e  AS r e q u i r e d  Regu la r ly  Regu la r ly  scheduled scheduled AB r e q u i r e d  
AS 
r e q u i r e d  
A5 
r equ i r ed  
F requen t ly  AS 
r equ i r ed  
AS 
r equ i r ed  
AS 
r equ i r ed  
AS 
r e q u i r e d  
Io LSB 
From LSB Frequen t ly  
AS Regularly Regu la r ly  
r e q u i r e d  1 schedu led  I schedu led  
A5 
r equ i r ed  
Regu la r ly  
schedu led  
- Heavy-lined blocks i n d i c a t e  c a p a b i l i t y  
r equ i r emen t s  t h a t  cannot be s a t i s f i e d  
because of l i m i t e d  l i ne -o f - s igh t  between 
the OLS and t h e  LPL. 
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Figure 6-1. Lunar Orbit  S a t e l l i t e  Relay Concept (S-Band) 
6-4 
SD 71-207 
orth American Rockwell 
elements and e a r t h  (IGFN), 
a r e l a y  between the lunar  program elements and, therefore ,  t h e  s a t e l l i t e s  
have no l i n k  w i t h  t h e  mFN, All communication t o  e a r t h  i s  e i t h e r  d i r e c t  or 
v i a  OLS relay.  
The s o l e  func t ion  of t h e  s a t e l l i t e  i s  t o  provide 
The s a t e l l i t e - t o - s a t e l l i t e  r e l a y  concept i s  shown i n  Figure 6-2. It 
i s  t h e  same as t h e  s a t e l l i t e  r e l a y  concept, except f o r  the  s a t e l l i t e - t o -  
s a t e l l i t e  r e l a y  capab i l i t y  t o  improve t h e  communication l i n k  between lunar  
elements. The K-band i s  assumed for t h i s  s a t e l l i t e - t o - s a t e l l i t e  l i n k  t o  
r e l i eve  the  congestion i n  t h e  S-band, e spec ia l ly  because separate  antennas 
are  required f o r  t he  s a t e l l i t e - t o - s a t e l l i t e  links e 
The t h i r d  concept, L2 l i b r a t i o n  point  s a t e l l i t e  re lay ,  has two options 
f o r  consideration herein; i . e .  t he  L2 Hummingbird s a t e l l i t e  r e l a y  and t h e  L2 
Halo o r b i t  s a t e l l i t e  re lay.  The L2 Hummingbird s a t e l l i t e  i s  maintained at a 
f ixed  "off-set" point  r e l a t i v e  t o  the  earth-moon line-of-centers,  as i l l u s t r a t e d  
i n  Figure 6-3 ( c ) .  The Halo o r b i t  s a t e l l i t e  i s  maintained i n  an o r b i t  about t h e  
L2 point  i n  such a way t h a t  it describes a c i r c l e  o r  halo about the  moon when 
viewed from t h e  ear th .  The f i r s t  option discussed and'compared herein i s  t h e  
Hummingbird concept e 
The bas i c  f ea tu re  of t h e  Hummingbird concept i s  t o  u t i l i z e  t h e  L2 
l i b r a t i o n  poin t  t o  s t a t i o n  a r e l a y  s a t e l l i t e  t h a t  could provide coverage of t h e  
far s ide  of t h e  moon. Because t h e  L2 poin t  i s  d i r e c t l y  behind the  moon, t h e  L2 
Hummingbird s a t e l l i t e  needs t o  be displaced some dis tance from L2 t o  have c l e a r  
view of t h e  ear th .  
coverage of t h e  moon provided by the  1-degree beam of t h e  EFN 30-foot antenna 
a t  S-band. This provides f o r  d i r e c t  communication between t h e  near-side lunar  
elements and t h e  ear th .  
antenna. The 1/2 beamwidth t o  t h e  n u l l  beyond t h e  second lobe (13 minutes) plus  
a 1-minute point ing allowance t o  c l ea r  t h e  moon defines the  m a x i m u m  displacement 
of t h e  L2 Hummingbird s a t e l l i t e  from t h e  L2 l i b r a t i o n  poin t .1  
2700 n m i  as shown i n  p a r t  "b" of t h e  f igu re .  
n m i  from L2 i s  defined by t h e  c l e a r  l i n e  of s i g h t  between t h e  L2 Hummingbird 
s a t e l l i t e  and the  ear th .  The downlink, i l l u s t r a t e d  i n  p a r t  "c'l, cons is t s  of t h e  
K-band l i n k  w i t h  t h e  PGFN and S-band coverage of t h e  far side of t h e  moon. The 
reason f o r  t h e  K-band f o r  t h e  L2 Hummingbird s a t e l l i t e - e a r t h  l i n k  i s  again an 
e f f o r t  t o  r e l i e v e  t h e  S-band congestion wherever t h e  opportunity occurs e 
As shown, Figure 6-3 has th ree  pa r t s .  Par t  ''a'' shows the  
Par t  "b" shows t h e  K-band upl ink of t he  IEFN 30-foot 
This  dis tance i s  
The minimum displacement of 1670 
A number of f i r s t - c u t  analyses were conducted t o  compare t h e  three  
candidate communication r e l a y  concepts from t h e  standpoint of emergency com- 
munication l i n k ,  da ta  transmission, system complexity, and operat ional  complex- 
i t y .  From t h e  standpoint of emergency and crew sa fe ty ,  t h e  capab i l i t y  f o r  
frequenct contact w i t h  t h e  OLS and LSB i s  necessary f o r  t h e  following links: 
1. Near-side surface crew or LSB t o  OLS 
2. Far-side surface crew o r  LSB t o  OLS 
3. Orbiting crew t o  OLS 
4. Cislunar s h u t t l e  ( i n  lunar  v i c i n i t y )  t o  OLS 
5. Remote surface crew t o  LSB 
1 MRT 1514, 
L i n k s ,  L.  
P
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Figure 6-2. Lunar Orbit  Sa te l l i t e - to-Sa te l l i t e  Relay Concept 
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NOTE: Not t o  Scale  
,/I 1 (a)  MSFN 30-ft S-Band Coverage of Moon 
=+-+-++------ 
I (b) MSFN 30-ft K-Band Link w i t h  L2 S a t e l l i t e  
-F--- -- 
_ - -  
I 
( e )  L2 S a t e l l i t e  K-Bank Link with Ear th  and S-Band 
S-Band Coverage of Moon 
Figure 6-39 L2 Hummingbird S a t e l l i t e  Relay Concept 
6-7 
SD 71-207 
Space Division 
North American Rockwell 
A comparison of the three candidate concepts with respect to the pre- 
viously listed requirements are presented in the upper portion of Figure 
6-4. 
near-side surface crew or LSB to the OLS. As illustrated, the satellite relay 
concept enables 1 hour of communication link during a 2-hour period. 
1 hour corresponds to the portion of the 2-hour orbital period during which 
the OLS is at the same hemisphere (for this case, the moon's near side) as is 
the surface crew or  the LSB, If the surface crew or the LSB is at the polar 
region above the 75-degree latitude, they have no view of the relay satel- 
lites and, therefore, require the earth relw in order to obtain the 1-hour 
link every 2 hours. The satellite-to-satellite concept in the next colunn 
in the same row provides a 100-percent link, except for the polar region as 
previously discussed. The Hwmingbird relay concept in the last colunn and 
same row permits a continuous link for crew or LSB at any location on the 
near side. 
the OLS. Subsequent rows treat other link requirements in similar fashion. 
For example, the first row in the figure considers the link from the 
The 
However, it must depend almost entirely upon an earth relay to 
Examination of the upper portion of Figure 6-4 indicates that the HW- 
mingbird relay concept provides virtually 100-percent coverage, but with 
heavy dependence upon earth relay to the OLS. The satellite-to-satellite 
relay also approaches 100 percent with minimum dependence upon earth relay 
support e Although the satellite relay concept provides for less coverage 
than the other two concepts, it is considered adequate from the standpoint 
of emergency and crew safety considerations. 
The next evaluation parameter is the link availability for data trans- 
mission. The primary links are as follows: 
1. Near-side surface crew (e.g., tug landings) or LSB to earth 
2. Far-side surface crew or LSB to earth 
3. OLS to earth 
4. Scientific subsatellites to OLS 
Comparison of the three relay concepts are presented in a s-imilar 
Because of the lower urgency of manner in the lower half of Figure 6-4. 
scientific, engineering, and other data transmissions, even the satellite 
relay concept performance can be considered more than adequate. Direct trans- 
mission to earth is always available from near-side surface crew and the LSB 
and, therefore, has no influence on the relay concepts. For transmission to 
the earth from the far side, the Hunmingbird relay may appear to have a 
slight advantage, mainly because the other two concepts require relay via the 
OLS. On the other hand, the OLS is intended to provide support to the lunar 
elements precisely such as that of data handling and re1a.y. 
In assessing the satellite complexity of the three concepts, the 
following features were considered: antenna size and number, antenna point- 
ing accuracy, power requirements, and special features, An evaluation of 
additional parameters was not conducted because it would involve a design 
analysis of satellite configurations, The communication system requirements 
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were based on the premise that AT&T quality color television transmissions 
will be required between the various lunar program elements (LpE's), suyh as 
the OLS, tug-lander, and LSB, and between the earth and the LPE's. 
e AT&T Quality Color TV 3 22-0 50r 
- 
- 
- 
- 
- 
- - 
For both the relay satellite concept and the satellite-to-satellite 
relay concept, a 1-foot-diameter parabola antenna at S-band is used to pro- 
vide a fixed 32-degree beam coverage of the moon fromthe 2800 n mi altitude 
orbit as shmm previously in Figures 6-1 and 6-2. 
the lunar program elements (LPE) to transmit AT&T quality color TV to these 
satellites are given as function of the LPE antenna size in Figure 6-5. 
shown in the same figure is the satellite power requirements (to relay this 
color TV to another LPE) as function of the antenna size of the LPE receiving 
the TV. 
would require 290 watts to transmit color TV to the satellite (See part A in 
Figure 6-5). 
LPE (e.g., OLS) with a l5-foot diameter, 85 watts would be required. 
part B of Figure 6-5) 
requirement would be 180 watts (See part C of Figure 6-5). 
The power requirements for 
Also, 
For example, an LPE (e.g., tug-lander) with a 10-foot-diameter antenna 
In order for the satellite to relay this color TV to another 
(See 
If the antenna were 10 feet, the satellite power 
For the satellite-to-satellite relay concept, the TV (or other data) 
is sometimes relayed from one satellite to another before beaming it to the 
receiving LPE. The additional power and antenna requirements for this func- 
tion are given in Figure 6-6. 
relatively small power requirement of about 25 watts is needed for a reason- 
able size 4-foot-diameter antenna with - +0.8-degree pointing accuracy. 
The K-band is selected for this link. A 
" 
0 1 2 3  4 5 6  
Satellite Antenna Diameter, Feet 
Figure 6-6, Power Versus Antenna Size for Satellite-To-Satellite 
Relay of Color TV 
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The Hummingbird relay concept has a K-band link to the earth and an 
S-band coverage of the moon. 
antenna with +O.l-degree pointing to provide a fixed 1-degree, 37-fOOt beam 
coverage of the earth as previously shown in Figure 6-3. With the 30-foot 
and 85-foot MSFN antenna, the Hummingbird power requirements for c d o r  TV 
transmission are 40 watts EIF per 300-watt transponder input, and 5.3 watts F4? 
per 5O-watt input, respectively. The most reasonable choice is to use the 
85-foot MSFN for color TV reception and to use the 30-foot MSFN for other 
data reception. 
The earth link uses a 4-foot-diameter parabola 
For the lunar link, the Hummingbird employs an 8.5-foot diameter S- 
band antenna with a 3.5-degree beam coverage. The Hummingbird and LPE power 
requirements as function of LPE antenna size is given in Figure 6-7. It 
should be noted that the power requirements are similar to those for the 
satellite relay concept and the satellite-to-satellite relay concept. 
The Hummingbird has a special requirement with respect to maintaining 
a fixed position at 2700 nautical miles above the L2 libration point. 
of this displacement from L2, the satellite will be in an accelerating force 
field and requires continued thrusting to counteract the force. The acceler- 
ation experienced by the satellite as fbnction of distance from the 
is shown in Figure 6-8.1 A constant accelerating force of 0.57 x 10- ft/sec2 
due to solar gravitational effect also is included.’ 
Because 
4L2 point 
For the Hummingbird at 2700 nautical miles above the L2 libration 
ft/sec2 over a -year period point, the accelerating force is 4.25 x 
(The delta V required to compensate the force is: 
3.14 x 107 sec/year = 13,200 ft/sec per year). 
4.2 x ft/sec x 
To satisfy such a large station-keeping delta V and at the same time 
keep a reahonably low propellant weight to total satellite weight ratio, a 
high specific impulse propulsion is necessary. This is illustrated in Figure 
6-9, which shows that specific impulses of 2500 seconds and 3900 seconds are 
required to achieve propellant mass faction of 0.15 and 0.10, respectively. 
These are in the regime of ion engines. The requirements for the lunar orbit 
satellite concepts are also shown in Figure 6-9 for comparison. 
and the lower curves are based on orbit perturbation (and associated station- 
keeping delta V, 0 Vsk) which decreases as a function of the orbit radius, R, 
and square of the orbit radius, R2, respectively. The annual station-keeping 
delta V of 3300 ft/sec at 60 nautical miles equatorial orbit (See Figure 
2-12) was used to extrapolate the requirements at the 2800-nautical mile 
equatorial orbit. The station keeping requirements for these lunar orbit 
satellites should pose no problem. 
The upper 
Ion engines for the Hummingbird do not represent a serious develop- 
How- 
ment problem. Although they are still in the R&D phase, several space flight 
tests have been conducted as far back as 1962, as shown in Table 6-2, 
ever, the major pr3blem is the requirement for large power requirements to 
achieve their high specific impulse as shown in Figure 6-10. For example, 
I Data based on GSFC Report No. X-507-67-167, A Hummingbird for the L2 Lunar 
Libration Point, F,O Vonbun (April 1967) Is 
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Figure 6-8. Acceleration of Hummingbird Sat. Near L2 
the Hummingbird requires a 2500-second Isp to keep the propellant mass fac- 
tim at 0.15 for a 1-year aperation (Figure 6 - 9 ) .  
2500-secmd Isp, the thrust per kilowatt power is 0.01075 lb/kw. 
pound satellite, a thrust of 0.013 poun 
is required to counteract the 4.2 x 
force. 
Figure 6-10 shows that for 
For a 1000- 
(thrust-to-weight is then 1.3 x loe5,) 
ft/sec2 (1.3 x 10-5,) accelerating 
The power requirement is then 0.013 lb/0.01075 lb per kw = 1.2 kw. 
A summary of the satellite features previously discussed is presented 
in Table 6-3. The satellite relay, as expected, exhibits the simplest design 
with one fixed antenna and lowest power requirements. Increased complexity 
is seen for the satellite-to-satellite relay concept. The Hummingbird with 
its requirement for ion engines and associated large power requirements results 
in the highest complexity. 
that accompany the concepts. 
satellite concepts, the OLS is required to serve as a relay fo r  transmission 
Table 6-3 also lists the operational complexities 
As discussed previously for the lunar orbit 
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Figure 6-9 Orbit-Keeping Propellant Requirements 
One-Year Operation 
from the moon's f a r  s i d e  t o  the ear th .  The lunar  o r b i t  s a t e l l i t e  concepts 
a l s o  impose a t racking requirement on t h e  LPE's, although the  r a t e s  a r e  low. 
The major operat ional  complexity f o r  t h e  Hu&n&ird concept is  the  need t o  
resupply ion engine ( s t a t i o n  lceeping) propel lants  ( e  .g., once per year )  e 
A review of the  various considerations permits the f d l o w i n g  general  
ass e s s men t : 
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Parameters 
Safety communication 
Data communication 
Satellite complexity 
Operational complexity 
North American Rockwell 
Lunar Orbit 
Lunar Orbit Satellite- 
Satellite Relay to Satellite Hummingbird 
Adequate Good Exc e 11 en t 
Adequate Good Excellent 
Excellent Fair Poor 
Good Good Fair 
Table 6-2. Ion Propulsion Space Tests 
1962 Air Force ballistic flight to test EOS contact-ion 
thruster system 
1964 Air Force ballistic flight to test EOS contact-ion 
thruster system 
1964 NASA-Lewis mercury electron-bombardment thruster 
system. Flight performance of mercury bombardment 
system was completely satisfactory, including beam 
neutralization. 
1965 Air Force Snap-1OA orbital flight, with EOS contact- 
ion thruster as an auxiliary experiment 
1970 NASA Sert-I1 orbital flight. Agena upper stage with 
le5-kilowatt solar-cell powerplant. Two 2-em mercury 
electron-bombardment thrusters. Six-month polar orbit, 
e1ectri.c propulsion to raise orbit. 
6-16 
SD 71-207 
North American Rockwell 
0 
rl 
0 
(3\ 
0 
0 
co 
0 
0 
+ v3 
0 0 
0 0 
6-17 
SD 71-207 
n 
0 al 
u1 
W 
2 
H 
n 
a) 
U 
.rl 
rl 
rln 
a i m  
u u a l  
.rl (d u 
P m .rl 
$4 
a, 
u 
a, 
E 
(d 
h 
(d 
a4 
North Amencan Rockwell @A! 
n 
M 
0) a 
rl 
0 
a W 
'CI 
C P 
I t  a 
v l I  P N  
U 
0 
0 u 
w 0 
I 0 
u) w 
I 
03 e 
3 
A I 
m u 
U s 
0 
rl 
N 
m u u m 
3 
0 
\D 
N 
aJ 9) 
C G 
0 0 
n 
M 
a, a 
Q) 
0 
W 
P P  
I 
v ) &  
u u  
0 0  
0 0  
U W  
I I  
r l *  
m 
m m  
u u  
u u  
a ( d  
3 3  
o m  
C O N  
rl 
u I  
0 1  
0 1  
w 
I 
rl 
I 
l r l  
1 
m 
u 
u 
I 
? I  I 
0 co 
rl 
m 
U u 
I I 
0 co 
rl 
1 2 1  I 
(d 
G 
C 
a, 
U 
C 
(d 
a, 
U 
.If 
rl 
rl 
a, 
U 
(d 
m 
a, 
M 
(d 
!4 
a, 
U 
C 
0 
2 
c 
U 
!4 
(d 
W 
w 
0 
G 
rl 
(d 
U 
0 
E-c 
m 
(d 
C 
G 
a, 
U 
G 
(d 
.rl 
u 
(d 
U 
.rl 
G 
2 
U 
a, 
U 
.rl 
rl 
rl 
a, 
U 
(d 
v) 
n 
rl 
W 
aJ 
M 
of 
k 
aJ 
? 
0 
V 
G 
N O  
$ 2  
a 
24 
G 
.rl 
rl 
3 
!4 
(d w 
rl 
(d 
L, 
0 
H 
m 
U 
C 
aJ 
E 
a, 
!-I 
.rl 
E, 
cr 
a, 
k 
rl 
(d 
.rl 
U 
aJ a 
v3 
I 
rl 
rl N 
5 
k 
(du a 0  
. .  
r l N  
M 
a C 
e, .rl 
h ( d o  
r l u  a 
al k a h c  u 
(du 
m r l k  w 
l- laJa PI 
or-lal r-3 
-2 
rl N 
m 
aJ 
.rl 
U 
.rl 
X 
a, 
rl a 
V 
rl 
(d 
C 
0 
.rl 
U 
(d 
k 
a, a 
0 
(d 
E: 
$ 
U 
G 
(d 
W 
PI 
4 
!4 
a, 
U 
2 
-rl a 
I 
u 
0 
0 u 
I 
0 
rl 
a 
2 
> 
E-c 
$4 
0 
rl 
0 
V 
G 
0 
a 
a, 
m 
(d 
P 
m 
U 
C 
a, 
E 
aJ 
k 
.rl 
E, 
tT aJ 
!4 
n e  
,
w 
E-c 
0 z 
6-18 
SD 71-207 
Space Division 
North American Rockwell 
The main disadvantage of t he  L2 Hummingbird s a t e l l i t e  concept i s  
t h e  l a rge  stationkeeping requirement of approximately 13,000 feet/second 
per  year,  as previously discussed. This i s  i n  comparison t o  approximately 
500 feet/second per  year f o r  t h e  l u n w  orb i t ing  s a t e l l i t e s ,  The L2 Halo 
o r b i t  s a t e l l i t e  as  i l l u s t r a t e d  i n  Figure 6-11 has a l l  of t h e  cha rac t e r i s t i c s  
previously discussed f o r  t h e  Hummingbird s a t e l l i t e  ( i n  terms of antenna 
requirements and communications coverage) without t h e  l a rge  stationkeeping 
requirement. The Halo o r b i t  s a t e l l i t e  concept which has been developed by 
D r .  R.  W. Farquhar, and discussed i n  depth i n  NASA-GSFC Report X-551-70-449, 
dated Deceniber 1970, has r e l a t i v e l y  low o r b i t a l  cont ro l  requirements i n  
terms of delta-V per  year. Data presented i n  D r .  Farquhar's r epor t  show 
a stationkeeping requirement of approximately 100 feet/second p e r  year 
(one pulse every 3 days) and a per iod cont ro l  requirement of approximately 
350 feet/second per  year (one pulse  every 7.3 days), f o r  a t o t a l  o r b i t a l  
maintenance requirement of 450 feet/second per  year. Thus t h e  propulsion 
requirements f o r  t h e  Halo o r b i t  s a t e l l i t e  are  no more severe than  f o r  t h e  
lunar  o rb i t i ng  s a t e l l i t e s .  
It i s  concluded t h a t  addi t iona l  study i s  required i f  a se l ec t ion  i s  
t o  be made between s a t e l l i t e  r e l a y  concepts. The in t en t  of t h i s  evaluation, 
however, was t o  i d e n t i f y  p o t e n t i a l  OLS design dr ivers ,  and not t o  s e l e c t  a 
prefer rec  concept. The differences i n  t h e  OLS design requirements t h a t  a re  
imposed by each of t he  concepts evaluated a re  very small. The l u n m  o r b i t a l  
s a t e l l i t e - t o - s a t e l l i t e  r e l a y  concept was t h e  base l ine  se lec ted  f o r  purposes 
of t he  OLS Phase A study. 
H d n g b i r d  and Halo) could r e s u l t  i n  modifications t o  t h e  OLS communications 
concept because of t he  addi t iona l  pa th  loss. However, i f  t h e  s a t e l l i t e  i s  
designed w i t h  higher gain/power cha rac t e r i s t i c s  than  t h e  lunar  o r b i t a l  
s a t e l l i t e  model used (such t h a t  t h e  addi t iona l  pa th  l o s s  i s  compensated f o r )  
t he re  would be no impact on t h e  OLS design. 
The L2 l i b r a t i o n  s a t e l l i t e  concepts (both 
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Figure 6-11, Lunar Far-Side Communications wi th  Halo S a t e l l i t e  
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7.0 OPERATIONS SEQUENCING 
This sec t ion  presents  t h e  plans developed f o r  a nominal sequence of 
operations from i n i t i a l  de l ivery  of t h e  OLS i n  lunar  o r b i t  t o  completion of a 
10-year OLS program. These plans were derived t o  ass is t  i n  t he  i d e n t i f i c a t i o n  
of OLS design requirements such as normal and contingency consumables s torage,  
crew r o t a t i o n  schedules, propel lant  s torage,  and m a x i m u m  crew accommodation 
requirements. The b a s i s  of these  plans i s  as follows. The OLS i s  i n i t i a l l y  
placed i n  operation i n  1981. 
f i r s t  s i x  months of operation surface mapping and other precursor operations 
a re  performed i n  o r b i t  p r i o r  t o  beginning surface s o r t i e s  with a space tug  
lunar  lander.  
s c i e n t i f i c  surface s o r t i e s  a re  performed. The LSB i s  del ivered t o  t h e  lunar  
surface a t  the  OLS +year point  and i s  operated with a 12-man crew f o r  approx- 
imately f i v e  years. After LSB deact ivat ion,  t he  OLS continues o r b i t a l  opera- 
t i ons  t o  t h e  end of t h e  10-year period. 
The nominal crew s i z e  i s  e ight  men. During t h e  
During t h e  following 2-1/2-year per iod a t o t a l  of e ight  
Logis t ics  resupply requirements t o  support t he  OLS, tug  s o r t i e s ,  and 
t h e  LSB were developed employing data  derived from the  concurrent space tug  
and LSB s tudies  i n  progress a t  NR. Operational i n t e r f aces  were determined 
through close coordination of these  companion s tudies .  The performance of 
t he  RNS s h u t t l e ,  CPS s h u t t l e ,  and t h e  tug  lander were obtained from t h e  
current  OLS guidel ines ,  Contract NAS9-10924. 
The operations plans generated from consideration of the  l o g i s t i c s  
requirements and operat ional  i n t e r f aces  with t h e  other  space program elements 
a re  described i n  t h e  following port ions of t h i s  sect ion.  These operations 
plans a re  based upon t h e  RNS c is lunar  shu t t l e .  Delta e f f e c t s  upon l o g i s t i c s  
supply and -mission planning r e su l t i ng  from t h e  use of t he  Chemical Propulsion 
Stage (CPS) as t h e  c i s lunar  s h u t t l e  a r e  presented i n  paragraph 7.5.3. 
7.1 LOGISTICS REQUIREMENTS 
The following paragraphs present  and discuss the  l o g i s t i c s  require- 
ments upon which the  10-year operations sequence p lan  was based, Included 
a re  the  l o g i s t i c s  requirements imposed by the  OLS, LSB, and tug s o r t i e s ,  as 
wel l  as tug  weights and tug  provisioning. Subsequent t o  the  determination 
cf these  requirements (and subsequent t o  the  development of t he  operations 
sequence model of Sect ion 7.3) a more in-depth determination of OLS l o g i s t i c s  
requirements was made. These l a t t e r  requirements (included i n  Sections 8.0 
and 9.0) r e s u l t  i n  an increase i n  RNS payload of l ess  than 2000 pounds, and 
w i l l  have no s ign i f i can t  e f f e c t  upon the  operations sequence model presented 
i n  t h i s  sect ion.  
7.1.1 
f o r  an 8-man crew, 
t i o n  r a t e s  are  e s s e n t i a l l y  independent of crew s i z e ,  
The bas ic  OLS l o g i s t i c s  resuppl requirements are  l i s t e d  i n  Table 7-1. 
Except for i tem 1 ymetabolic consumables), these consump- 
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Table 7-1. OLS Logist ics  Resupply Requirements (8 Men) 
Pounds 
Per Month 
Item 
1. Metabolic Consumables 
02, N2, H20, food, c lothing,  
hygiene, e t c .  at 250 lb/man/mo 
2,000 
2. OLE Equipment, Spares and Replacements 1,000 
3. RCS Propellant f o r  500 f t / s e c  
Delta-V/year o r b i t  makeup 
4 ,  Containers a t  10 percent 330 
5. Growth Margin a t  16 percent 580 
6. Experiment Resupplp  
Sub Total  
Total  
4,220 
380 
4,600 
*See Table 7-2 f o r  experiment resupply weight breakdown and f o r  weights 
of science equipment. 
include a l l  OLS s c i e n t i f i c  equipment, weighing 7,270 pounds. 
The i n i t i a l  de l ivery  of t h e  unmmed OLS w i l l  
~~ ~ 
The t o t a l  OLS science equipment requirements are  summarized i n  Table 
7-2. 
i d e n t i f i e d  (see Sect ion 4.0, Volume I) i s  7270 pounds and i s  del ivered i n i t i a l l y  
w i t h  the  unmanned OLS. 
f o r  replacement and spares 
The t o t a l  weight of a l l  OLS science equipment (experiments) as cu r ren t ly  
Hence, a l l  subsequent de l ivery  of science equipment i s  
The operat ional  sequence provides for an OLS consumables contingency 
allowance and rescue al lowance. in  accordance w i t h  the  requirements of Table 
7..3* 
worst case of an LSB f a i l u r e  immediately following lunar  o r b i t  departure of 
the  RNS, A concurrent f a i l u r e  of the  RNS and LSB i s  not considered. 
The 20-man rescue requirement (12 LSB + 8 OLS crew) cons is t s  of t he  
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Weight 
Delta 
Table 7-2. OLS Science Equipment Weights and Resupply 
- Pounds 
Total 
Equipment 
Number Equipment Name 
40007 
40008 
50011 
60004 
Data Analysis Laboratory 
Photographic Laboratory 
Geochemistry Laloratory 
Sub Total 
Particles and Fields Subsatellite 
60005 Gravity Gradient Subsatellite 
60006 Geochemical and Atmospheric Subsatellite 
Sub Total 
1 21 Items All Others 
I OLS Science Equipment Resupply 
A. Be-LSB Era 
Subsatellite Propellants 
Fi h 
Spares and Replacements 
B. LSB Era 
Total 
120 
1,500 
2,500 
4 120 
140 
140 
950 
1,230 
1,920 
Total 
Pounds 
10,000 
1,500 
1,000 
12,500 
4 , 120 
5,350 
7 9  270 
Pounds 
Per Mont: 
304 
46 
_30 
380 
Although OLS experiment resupply starting with the LSB era will 
drop considerably (perhaps to 100 pounds per month), the operational 
sequence does not reflect this reduction which is only six percent 
of the total OLS resupply requirements. 
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Table 7-3 e OLS Consumables Reserve Requirements 
8-  an Contingency Requirements (Based upon Table 7-1) 
Normal OLS Consumption Rate 4600 lb/m 
Contingency Reserve for 54.6 days 8275 lb 
54.6/30.4 x 4600 
Note: Above reserve required by mission 
planning to allow for possible 
54.6 days delay in arrival of RNS 
for resupply of OLS 
20-Man Rescue Requirements (LSB Era.) (Based upon Table 7-1) 
Condition: 
immediately following RNS departure to 
earth e 
Worst case LSB rescue occurring 
Minimum normal onboard OLS metabolic conswn- 
ables at above condition are sufficient 
for 8 men/l09 days, which is equivalent 
to 16 men/54.6 days. 
Requirement for rescue of 12-man LSB crew 
requires OLS onboard support of 20 men 
for 54.6 days; therefore, additional 
support requirement imposed by rescue 
considerations is equivalent to 4 men/ 
54.6 days a 
Metabolic consumption rate 
per man - including containers 
250 x i,i 
275 lb/mo 
Delta rescue reserve for 4 men/54.6 days 1975 
275 x 4 x 54.6/30.4 
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7.1.2 
The tug  s o r t i e  mission down/up payload de l ivery  requirements t o  and 
from the  lunar  surface a r e  l i s t e d  i n  Table 7-4, The e n t i r e  experiment pay- 
load i s  re turned t o  lunar  o rb i t  except f o r  425 pounds of remote s i t e  equip- 
ment * The mobil i ty  devices > of course, a r e  a l s o  returned t o  lunar  o r b i t  f o r  
reuse. 
pounds (see Figure 7-1). 
Actual tug  propel lant  consumed during a s o r t i e  mission i s  56,500 
Table 7-4. Typical Tug S o r t i e  (4  Men, 28 Days) 
Weight 
Down Payload 
Experiments 2,190 
Mobility Devices (Including Propellant,  
C o n s m b l e s  ) 
Rover 
2 U V ' S  
Crew Support and Tug Conswnables 
Up Payload 
Experiments (Including 250 pounds 
Surface Samples ) 
Mobility Devices (No Propellant o r  
Consunables ) 
5,800 
3,600 
4,900 
Tot a1 16,490 
Rover 
2 WV'S 
Residual Crew Support and 
Tug Consuma'bles 
Total  
Propellant Required = 56,500 pounds 
2,015 
3,300 
600 
1,370 
7,285 
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UP PAYLOAD -“K Id3S 
Propellant capacity ( M 2 / ~ 2 )  60,000 ~b 
f i x t u r e  r a t i o   LO^ t o  L H ~ )  
Maximum l i f e t i m e  3 years 
Maximum round t r i p s  (LO-LS-LO) 10 
Lunar o r b i t  a l t i t u d e  
No plane changes 
Fixed veight  includes: 
Crew consumables and tug c o n s u b l e s  a r e  
p a r t  of payload 
Reference: OLS RFP MSC-JC421-M68-0-107P 
444 see ISP 
5 : 2  
60 n mi 
I M ,  PM, CM, 4 crew 
Figure 7-1. Tug Performance - Round Trip (LO-LS-LO) 
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The breakdown of mobili ty vehicle  weights used i n  Table 7-4 i s  presented 
i n  Table 7-5. 
Since experiment hardware and mobil i ty  vehicles a re  reused f o r  s eve ra l  
s o r t i e  missions, t h e  RNS must provide resupply of these  items on an occasional 
bas i s  only. These resupply requirements i n  terms of weight and frequency as 
r e l a t e d  t o  RNS payload a r e  presented i n  Table 7-6. 
The t o t a l  l o g i s t i c s  resupply requirements per  each 109-day tug  v i s i t a -  
t i o n  a re  presented i n  Ta'ble 7-7. Since a l l  i d e n t i f i e d  science equipment i s  
del ivered t o  the  LSB on the  lunar surface p r i o r  t o  f u l l y  manning t h e  LSB (see 
Ta'ble 7-8), subsequent science equipment de l ive r i e s  a re  l imi ted  t o  replace- 
ments and t o  items t h a t  a r e  p re sen t ly  not i den t i f i ed .  As shown i n  Table 7-7, 
t he  operat ional  sequence allows f o r  a payload de l ivery  margin of 4520 pounds 
f o r  i n t e rmi t t en t  de l ivery  of replacement science equipment and f o r  delivery/ 
replacement of LSB s o r t i e  convoy un i t s .  The ac tua l  tug propel lant  consumed 
on each LSB v i s i t a t i o n  (corresponding t o  down/up payloads of 23,600/2400 
pounds) i s  56,500 pounds. 
A breakdown of t h e  LSB housekeeping requirements used i n  Table 7-7 i s  
l i s t e d  i n  Table 7-9 f o r  a 12-man crew f o r  a one-month period. 
7.1.4 
The tug propel lan t  requirements as  a funct ion of payload a re  presented 
i n  Figures 7-1 and 7-2. Figure 7-1 i s  appl icable  t o  a tug round t r i p  from 
lunar o r b i t  t o  the  lunar surface and back t o  lunar or'bit with no plane changes. 
Figure 7-2 appl ies  when t h e  tug i s  expended on the  lunar  surface.  Propellant 
lnsses  due t o  boil-off and res idua ls  a r e  discussed i n  Section 7.4. 
The tug weights used i n  t h e  development of t h e  operations sequence a re  
presented i n  Table 7-10, The f i r s t  column appl ies  t o  the  f i r s t  tug  del ivered 
t o  lunar o r b i t  and includes equipment f o r  four  addi t iona l  crew i n  order t o  
provide 8-man rescue capab i l i t y  upon a r r i v a l  i n  lunar  o rb i t .  
tugs del ivered t o  lunar  o r b i t  conform t o  the  second column of weights. A l l  
tugs a re  del ivered with f u l l  propel lant  tanks.  
All subsequent 
7.2 RNS PAYLOAD CAPABILITY 
The RNS payload capab i l i t y  f o r  optimum and off-optimum (intermediate)  
ea r th  departure opportuni t ies  i s  presented i n  Figure 7-3. The optimum per- 
formance curve i s  i n  accordance with OLS program guidel ines .  The off-optimum 
performance curve i s  based upon an evaluat ion of t h e  data  presented i n  Figure 
2-10 of Sect ion 2 , O .  This f igu re  shows t h e  c i s lunar  s h u t t l e  outbound pay- 
load capab i l i t y  va r i a t ion  w i t h  e a r t h  departure time f o r  a f ixed  r e tu rn  pay- 
load of 10,000 pounds. From t h i s  f i g u r e  it can be seen t h a t  t he  optimum pay- 
load capab i l i t y  i s  availa'ble a t  i n t e rva l s  of 54,6 ea r th  days. 
shows a somewhat reduced payload capab i l i t y  a t  intermediate departure times 
and i s  t h e  bas i s  f o r  t h e  off-optimum performance curve appearing i n  Figure 7-3. 
The f igure  a l s o  
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Table 7-5. Lunar Surface Mobility Vehicles - Sor t i e  Missions 
Rover dry weight excluding power 
system (Based on two-man version 
of r ide ,  Reference 1) 
1,850 
Power subsystem (3 kw f u e l  c e l l s )  
Fuel c e l l s  consumables 0 
(two 50 n m i  round t r i p s  
Shel te r  t r a i l e r  (Reference 2) 
Miscellaneous 
Two 2-Man Lunar Flying Vehicles (LFV) 
4 50 
2,5003~ 
850 
150 
3 
Two-Man Closed Cabin Rover + Shel ter  5,800 lb 
600 lb 
Two LFV'S 
Fuel (10 f l i g h t s )  
600 
3 ,  ooo* 
Tot a1 9,400 lb 
*Consumables - down payload only 
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Table 7-6. RNS Resupply to Support Tug Sorties 
- 
A. 
B. 
C. 
Occasional Resupply 
Mobility Vehicles 
Replace approx, every 3 years 
(See Table 8-5) 
Experiments - Total Resupply 
NOTE: 
Replace approx. every 18 months 
Above weights exclude container weight 
for earth-lunar delivery. 
Normally Required for Each Tug Sortie 
Experiments 
Remote-site equipment 425 
Unique on-site equip. 100 
Film, tapes 200 
Tug Conswnables 
Mobility Propellant 
Tug Propellant 
Crew Consumables 
Accounted for separately 
Included in OLS conswnables reqmts. 
Tot a1 
NOTE: Above weights exclude container weight 
for earth-lunar delivery 
Summary of RNS Resupply per Tug Sortie 
Normal Resupply, 8265 x 1.1 
Resupply including Total Experiment Replacement 
Resupply including Total Experiment Resupply plus 
blobility Vehicle Replacement 
10,700 + 1,l (3900) 
r8265 + (2190 - 725)] 1.1 
- 
8,265 ib 
9,100 ib 
10,700 ib 
15,000 ib 
NOTE: Above weights include container weight 
for earth-lunar delivery 
_- 
(1) The 2190-pound total resupply weight includes the 725-pound partial 
resupply weight 
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Table 7-7. LSB Logistics Resupply Requirements (12 Men) 
Item 
Housekeeping 
Crew Rotation 
Small Mobil- 
ity Devices 
Mobility 
Propellant 
Sub Total 
Experiment 
Return 
Sub Total 
Payload 
Delivery 
Payload 
Margin 
Per 1( 
To LSB 
14,350 
780 
1,000 
2,950 
Tgp35- 
-- 
-- 
19 , 080 
23 , 600 
2 Days 
From LSB 
0 
700 
0 
0 
700 
1,700 
-- 
2,400 
2,400 
0 
Explanat ion 
Including 10% for containers. See 
Table 7-9 for breakdown, 
Weight for addition of two men over 
and above normal 4-man tug crew. 
Tug performance curves, Figure 7.1, 
incorporate n o m  4-man tug crew as 
fixed weight, not as part of payload. 
Additional weight at 390 lb per man, 
including his PLSS, personal equip- 
ment, outer garments (to surface), 
and 350 lb per man return (390 - 40 
~b outer garment). 
Weight for small mobility devices 
( LFV' s) and spares, including 10% 
for containers. 
Based on 30 L;FV flights per year for 
5 years at 300 lb per flight. Includes 
10% for containers. 
Excludes large mobility equipment and 
experiments e 
Based on annual return payload of 
1300 lb data (tapes, etc.) plus 
4400 lb of specimens. 
Excludes large mobility equipment and 
experiments down payload 
The operational sequence provides for 
tug delivery of 23,600 ~b payload to 
LSB on each 109-day visitation 
*This margin on each tug visitation is 
available for intermittent delivery 
and replacement of sections of large 
mobility equipment (i .e e ,  sortie con- 
voy units) , and replacement/addition 
of science equipment 
*'The total sortie convoy conceptually consists of five units or sections 
weighing approximately 3500 17, each. One of these units might require 
replacement each year. Since all identified science equipment will be 
delivered to the LSB prior to the time when the LSB is fully manned, sub- 
sequent science equipment deliveries w i l l  be limited to replacements and 
to items that are presently unidentified, 
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Table 7-8. LSB Science Equipment 
I Item 
Photographic Astronomical Transit 
X-Ray Telescope (Wide Angle) 
X-Ray Telescope (Grazing Incidence) 
Radio Telescope (300 kHz - 1000 kHz) 
Radio Telescope (1000 kHz - 1-5 mHz) 
Optical Telescope (1.3 m) 
Electron Microscope 
Antenna Set (.6 - l e 2  m ~ z )  
Antenna Set ( 5 - 500 m ~ z )  
RF Noise Survey System - Surface 
Dipole Antenna (2 km) 
Transponder 
Lab (T'edical) 
Lab (Data Analysis) 
Lab (Photographic) 
Lab (Geochemistry) 
D r i l l  (300 m) 
Drill (30 m) 
Plant Life Fxperiment 
Lunar Cement Equipment 
Other 
120 
455 
39564 
1 9  500 
350 
11,055 
1-50 
440 
100 
800 
388 
128 
4 418 
29 500 
20,000 
400 
19 034 
240 
2,224 
Total 54.9 365 
NOTE:  Above list includes all LSB science equipment items identified for 
the total five-year LSB operational period. 
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Logistic Item 
Gaseous Oxygen 
Cryogenic Oxygen* 
Cryogenic Hydrogen 
Cryogenic Nitrogen 
ECLSS Hardware 
Snstrumentation 
Expendables 
Dried and Canned 
Food 
Frozen Food 
Clothing & Linens 
Crew Items 
Recreation Items 
Housekeeping 
Supplies 
Medical Supplies 
Water (PLSS) 
Spares and Modifi- 
cation Kits 
Monthly Total 
3B Monthly Logistic Requirements, 
Housekeeping Subsystems, 12-Man Crew 
Space Station - (EOSS) (lb) 
10 (PLSS) 
492 
300 
272 
636 
739 
254 
42 
205 
50 
100 
(83 1 
475 
4299 
*Not applicable f o r  LSB 
LSB 
(1%) 
24 
0 
45 
492 
300 
272 
636 
739 
254 
42 
205 
50 
100 
0 
475 
3634 
Considerations 
EVA losses 
Used for propul. on SS 
183 for  propa. on SS 
Leakage makeup 
Hardware expendables 
200 lb for experiment 
support 
Includes makeup H20 + 02 
Includes makeup H20 + 02 
Regenerative PLSS for  LS 
not SS 
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PR0PELJXTI'- K Ll3S 
Propellant capacity (LO~/LH~) 60,000 ~b 
ISP 444 see 
Mixture ratio (LO2 to LH2) 
Lunar orbit altitude 
No plane changes 
Fixed weight includes: 
Crew consumables and tug consw'bles are 
part of payload 
Reference: OLS RFP MSC-JC421-M68-0-107P 
5:1 
60 n mi 
IM, PM, CM, 4 crew 
Figure 7-2@ Tug Performance-Expended Tug on LS 
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Table 7-10. Lunar Landing Tug Weight Swnmaries 
Crew @I 200 ~b/man 
Crew Support Provisions 
Crew Module 
Intelligence Module 
Propulsion Module 
Tug Consumables (Non-Propulsive) 
Propellant 
Totals 
1st Tug 
(Incl. 4 Crew) 
lb 
800 
3 625 
9,040 
3,275 
7,400 
2,040 
60 000 
86,180 
Subs. Tugs 
(EXC~. Crew) 
2,860(~) 
9 9 040 
3 , 275 
7,400 
2,040 
60,000 
84 615 
(1) Provisions for four men for a 28-day surface sortie, plus 14-day 
contingency, plus 765 pounds for PUS'S and suits for four addi- 
tional crew. 
(2) Same as (1) excluding 765 pounds additional equipment. 
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3OOK LH2 Stage 
NERVA Isp 
M a x i m  cooldown utilization 
Two-burn translunar injection 
Plane changes at LO1 (3 deg) and 
Earth orbit, 258 n mi circular, 
~unar orbit 60 n m i  circular, 
TL and TE midcourse course correction, 
Averaged over start-shutdown 
TEI (20 deg) 
31.6 deg inclin 
90 deg inclin 
50 f'ps each 
Off Optimum Earth 
Departure Opportunity 
0 50 100 
PAYLOAD RETURN (1000 LB) 
Figure 7-3e RNS L u n u  Mission Payload Capabili ty 
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Figures 7-3 and 2-10 assume de l ivery  and r e tu rn  from an e a r t h  o r b i t  
of 258 n mi a l t i t u d e  a t  31.6 degrees inc l ina t ion  t o  a lunar polar  o r b i t  of 60 
n m i  a l t i t u d e ,  The 31.6 degrees inc l ina t ion  was se l ec t ed  over a 55-degree 
inc l ina t ion  o rb i t  a t  270 n mi a l t i t u d e  ( the  Earth Orbit  Space S ta t ion )  f o r  
two reasons: 
degree o r b i t  i s  34,000 pounds versus 25,000 pounds f o r  t h e  55-degree o r b i t ;  
and (2)  t h e  31.6-degree o r b i t  o f f e r s  maximum payload capab i l i t y  a t  54,6 
earth-day in t e rva l s ,  while t h e  55-degree i n c l i n a t i o n  o r b i t  o f f e r s  a similar 
payload capab i l i t y  but  only a t  82 earth-day i n t e r v a l s  e 
(1) t h e  Earth Orbi t  Shu t t l e  payload capab i l i t y  t o  t h e  31.6- 
7*3 OPERATIONS SEQUENCE 
The operations sequence f o r  t he  10-year operat ional  per iod was devel- 
oped using the  l o g i s t i c s  requirements presented i n  Sect ion 7.1, and t h e  RNS 
payload capab i l i t y  presented i n  Sect ion 7.2. 
7.3.1 General 
The e n t i r e  operations sequence was developed on a f l igh t -by- f l igh t  
(RNS) basis  , accounting f o r  t o t a l  lunar v i c i n i t y  l o g i s t i c s  requirements a t  
each point  i n  time and accounting f o r  t h e  f i n i t e  capab i l i t y  of t h e  RNS t o  
meet these  requirements e Consideration was given t o  assuring adequate contin- 
gency provisions (54.6 days) on board both t h e  OLS and LSB i n  t h e  event of a 
f a i l u r e  of t he  RNS t o  provide resupply on schedule. An add i t iona l  contingency 
requirement i s  met by providing an ava i lab le  tug  a t  a l l  times a t  t h e  OLS 
(except during shor t  term o r b i t a l  l o g i s t i c s )  with t h e  capab i l i t y  t o  rescue 12 
men t o  a s a fe  e a r t h  o r b i t .  
ava i lab le  a t  t h e  base with t h e  capab i l i t y  t o  rescue 12 men t o  a s a f e  lunar  
o rb i t .  A l l  RNS f l i g h t s  occur a t  t h e  optimum e a r t h  departure opportuni t ies  
with the  exception of two. I n  these two cases reduced payload capab i l i t y  i s  
taken i n t o  account. 
cargo i s  t ranspor ted  t o  lunar o r b i t  on an earlier-than-necessary schedule t o  
be s to red  u n t i l  needed. These addi t iona l  cargo s torage requirements imposed 
by the  RNS payload l imi ta t ions  a re  not excessive and a re  discussed l a t e r  i n  
t h i s  sect ion.  
I n  addi t ion,  during t h e  LSB era, a tug  i s  always 
Where necessary t o  avoid exceeding RNS payload capabili ty,  
A t  no time i s  it necessary t o  s t o r e  tug  propel lant  i n  lunar o rb i t .  I n  
a11 cases when tug  propel lant  i s  del ivered t o  lunar  o r b i t ,  it i s  t r ans fe r r ed  
d i r e c t l y  t o  one or two tugs t h a t  dock d i r e c t l y  t o  t h e  propel lant  module 
at tached t o  t h e  RNS. The propel lant  module i s  described i n  Sect ion 7.4, 
Throughout t h e  e n t i r e  operations sequencg allowance is  made for t ug  propel lant  
b o i l - o f f  t o  assure  adequate propel lant  remaining t o  perform t h e  t u g  missions 
This i s  accomplished by topping off t h e  tug tanks each time a propel lan t  
module i s  brought t o  lunar  o r b i t ,  The propel lant  modules a re  considered t o  
be disposable i n  the  operations sequence, and a r e  not re turned t o  e a r t h  o r b i t  
( see  Sect ion 7.5.1 f o r  fu r the r  discussion).  Tug propel lant  boi l -off  losses  
occurring during t r a n s i t  t o  lunar  o r b i t  and tug  propel lan t  t r a n s f e r  losses  
( i e e e  res idua ls  and vapor losses  during t h e  transfer operation) have a l s o  
been considered, These losses  a re  described i n  Sect ion 7.4, 
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Allowance has been made f o r  t he  addi t iona l  RNS payload required (out- 
bound and r e tu rn )  t o  house the  LSB and OLS r o t a t i o n  crew during t r a n s i t  be- 
tween e a r t h  o rb i t  and lunar  o rb i t .  Table 7-11 presents  t he  der iva t ion  of 
weights f o r  an RNS crew 'bus having the  capab i l i t y  t o  support up t o  s i x  men 
f o r  t e n  days. The crew bus, a der iva t ive  of t h e  tug crew module, i s  off-  
loaded 'by 1010 pounds when only four  men are  being t ransported,  
A l l  of the  considerations and requirements discussed i n  t h e  previous 
three  paragraphs have been fac tored  in to ,  and i d e n t i f i e d  i n  the  operations 
sequence da ta  sheet i n  Table 7-12. The upper half  of t h e  t a b l e  i d e n t i f i e s  
t he  l o g i s t i c s  requirements i q o s e d  by t h e  OLS, LSB, and tug s o r t i e s .  The 
lower half of the  t a b l e  t r a n s l a t e s  these  requirements i n t o  RNS payload f o r  
each RNS f l i g h t .  
i s  i d e n t i f i e d  on the  t a b l e  by an arrow and the  nurnber of t he  tug. Each LSB 
v i s i t a t i o n  by a tug occurs during the  16-day layover of t he  RNS i n  lunar 
o r b i t  t o  accommodate crew ro ta t ion .  Normally one tug descends t o  t h e  lunar  
surface (perhaps 1 mile from the  LSB), while a second tug ascends f rom t h e  
lunar  surface.  A few hours overlap a t  t h e  lunar  surface could be accommo- 
dated without requir ing a s ign i f i can t  plane change by e i t h e r  tug. The 
sequence i s  layed out s o  t h a t  there  i s  one RNS f l i g h t  f o r  each tug  mission 
( e i t h e r  s o r t i e  or LSB v i s i t a t i o n ) .  
missions a l t e r n a t e  w i t h  LSB v i s i t a t i o n ,  each type of mission occurring once 
every lo9 days. This arrangement i s  compatible with RNS payload capab i l i t y  
and imposes no requirement f o r  propel lant  storage i n  lunar o rb i t .  The infor -  
,mation derived from the  operations sequence data  shee t ,  Table 7-12, has been 
used t o  generate Figures 7-4, 7-5, and 7-6, which provide supplemental 
v i s i b i l i t y  r e l a t e d  t o  crew ro ta t ion ,  tug  usage, RNS schedules, e tc .  
Each tug rnission (both s o r t i e  and LSB v i s i t a t i o n  missions) 
During the  s t a b i l i z e d  LSB era ,  s c r t i e  
7.302 Pre-LSB Era 
The schedule of events i n  Figure 7-4 s t a r t s  with day zero a t  t h e  point  
where the  f i r s t  OLS crew i s  launched i n  an RNS f r o m  ea r th  o r b i t  ( a t  t - 51  
days an RNS del ivers  t he  unmanned OLS t o  lunar o r b i t ) .  
approximately four days l a t e r  a t  t he  OLS. 
unmanned OLS i n t o  lunar  o r b i t )  de l ivers  an 8-man OLS crew, one fue led  tug  
( f o r  escape back t o  ea r th  o r b i t  i n  t h e  event t h e  OLS must be abandoned), and 
OLS consumables f o r  lo9 days. This quant i ty  of consumables includes a contin- 
gency allowance f o r  54.6 days i n  the  event t h e  next planned RNS resupply 
mission (on day 59) i s  aborted. 
which i s  t h e  next minimum energy t r ansea r th  i n j e c t i o n  time. 
The crew a r r ives  
The second RNS ( f i r s t  RNS del ivered 
The RNS departs f o r  ea r th  16 days l a t e r ,  
The optimum RNS e a r t h  departure opportuni t ies  occur every 54.6 days 
based on RNS departure from a 258 n m i  a l t i t u d e  ea r th  o r b i t  a t  31.6 degrees 
inc l ina t ion  and a r r i v a l  i n  the  60 n mi a l t i t u d e  lunar  polar  o r b i t .  
conditions were es tab l i shed  (see Sect ion 2.0) as  optimum f o r  RNS payload 
capab i l i t y  w i t h  a rendezvous compatible ea r th  o r b i t  ( i . e .  
passes over launch point  once each day), 
These 
RNS i n  e a r t h  o r b i t  
The t h i r d  RNS f l i g h t  occurs 54.6 days a f t e r  t h e  second and br ings up 
a second tug f u l l y  fueled,  four  men f o r  crew r o t a t i o n  and OLS consumables f o r  
lo9 days, During t h e  i n i t i a l  s i x  months of OLS operation, no tug s o r t i e s  t o  
t he  lunar surface a re  planned. The p lan  is  t o  accomplish a l l  t he  necessary 
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Table 7-11. RNS Crew Bus Weight 
6-~a,n - Ten-Dav Confiauration* 
Dry Weight (Including s o l i d  expendables f o r  
6 men - 7 days; 3 .O lb/man-da.y food, 150 lb/man 
suits and PLSS'S) 
Delta Food for  6 Men - 3-Day 
(6 x 3 x 3.0 lblman-day) 
Consumables and Tanks, Total  f o r  6 Men - 10 Da,ys 
(Including Nz9 02, and H2) 
EPS and ECS, Total  f o r  6 Men - 10 D a p  
(Including F/C, b a t t e r i e s ,  e l e c t  e d i s t  * , 
instrumentation and environmental cont ro l )  
Sub Total  
Crew, 6 Men 
Total  
4-Man - Ten-Day Configuration 
XDelta from 6 Men - 10-Day Config.) 
Delta Weight for  2 Men (Excl. Crew Weight) 
(Including food, s u i t s  , PUS'S, 02, 
H2, EPS and ECS, harnesses, e t c . )  
Delta Crew Weight 
Sub Tota l  
Total  (13,505 - 1,010) 
8,900 
55 
1,500 
1,850 
12,305 
1,200 
13,505 
-610 
-400 
-1010 
12,495 
*Derivative of 6-man - 7-day tug crew module, with no capab i l i t y  fo r  
backup command and cont ro l  of t he  RNS. 
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precursor in-orbi t  s c i e n t i f i c  work t o  i n i t i a t e  surface s o r t i e s ,  The 8-man 
crew provides the  equivalent of f i v e  men f o r  s c i e n t i f i c  work and th ree  men 
f o r  OLS operations (see Section 3.0 j .  
The fou r th  RNS a r r ives  i n  lunar  o r b i t  on day 168 with four  men f o r  
crew ro ta t ion ,  OLS consumables f o r  lo9 days, and tug surface s o r t i e  supplies.  
On day 184 (16 days l a t e r )  t he  RNS departs with four  crew and OLS s c i e n t i f i c  
data. 
including t h e  crew, During the  t u g  s o r t i e  mission t h e  tug  is manned by fou r  
of the  8-man OLS crew, 
Par t  of t he  r e tu rn  payload i s  t h e  crew bus weighing 12,495 pounds 
There a re  93 days between the  time the  RNS departs from lunar  o r b i t  
and the  a r r i v a l  of t he  next RNS. This 93-day per iod has been divided evenly 
i n t o  three  p a r t s :  
(28 days on t h e  sur face) ,  and a 31-day post-sor t ie  phase. 
t h a t  the  timing be exac t ly  t h i s ,  but  f o r  planning purposess t h i s  schedule i s  
shown. 
'but an average of 28 days i s  assumed. It i s  assumed t h a t  during t h e  16-day 
RNS s t a y  i n  lunar  o r b i t ,  s u f f i c i e n t  time ex i s t s  t o  t r ans fe r  a l l  cargo, experi- 
ment equipment, crew, e tc . ,  between the  RNS and the  OLS, and t o  r e f u e l  and 
top-off the  tugs,  With t h i s  plan then, one tug  i s  always docked t o  the  OLS 
except possLbly during shor t  periods of o r b i t a l  l o g i s t i c s  operations e 
a 31-day pre-sor t ie  planning phase, a 31-day s o r t i e  mission 
It i s  not necessary 
For example, tug  s o r t i e s  may be 14 days or  some perhaps even 56 days, 
The crew staytimes i n  lunar o rb i t  a r e  determined by t h e  use of t he  
RNS f l i g h t s  a re  
This r e s u l t s  i n  a given 4-man crew remaining i n  
Some f l e x i b i l i t y  e x i s t s  t o  vary crew staytime, 
RNS optimum ea r th  departure times of 54,6--day multiples.  
scheduled f o r  every lo9 days, as shown i n  Figure 
the  OLS crew i s  rotated.  
lunar  or'bit f o r  218 days plus  16 days RNS lunar o rb i t  staytime, o r  a t o t a l  
of 234 days (7.7 months). 
p a r t i c u l a r l y  f o r  spec i f i c  individuals whose t a l e n t s  may be required f o r  
shor te r  per iods,  
t he  crew staytime would be reduced t o  lo9 plus 16, o r  125 days (4.1 months). 
T h i s  could be done without e f f ec t ing  the  RNS f l i g h t  scheduling during t h e  
pre-LSB era ,  i f  it was deter-mined t h a t  l e s s  than 16-day crew overlap on t h e  
OLS i s  sa t i s f ac to ry ,  
-4, a t  which time half  of 
I f  t h e  e n t i r e  8-man OLS crew was ro t a t ed  every lo9 days, 
The schedule of a c t i v i t i e s  repeats i t s e l f ,  once tug s o r t i e s  'begin, and 
s o  the  chart  (Figure 7-4) i s  not extended beyond the  t h i r d  t u g  s o r t i e .  A 
t o t a l  of e ight  s o r t i e s  a re  conducted during the  pre-LSB e ra  as shown on the  
summary char t ,  Figure 7-6, 
A s e r i e s  of bars near t he  bottom of Figure 7-4 show t h e  time when t h e  
OLS should 'be f r e e  for or ien ta t ion  as desired for performing o r b i t a l  science 
a c t i v i t i e s .  
time and a day a t  t he  'beginning and the  end of each tug  s o r t i e  mission, 
these  periods f l i g h t  operations w i l l  take precedence over s c i e n t i f i c  opera- 
t ions 
The spaces i n  the  t imel ine correspond t o  the  16 days of RNS stay-  
During 
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7.3@3 LSB and Post-Base E r a  
The operations sequence p lan  shown i n  Figure 7-5 s t a r t s  with t h e  bui ld-  
up of t h e  LSB on t h e  lunar  surface and continues through th ree  r e p e t i t i v e  
cycles t o  i l l u s t r a t e  t h e  s t a b i l i z e d  phase of t h e  program. 
guidel ines  and assumptions were used i n  developing t h i s  plan: 
The following 
1, 
2. 
3. 
4. 
50 
6. 
7. 
a. 
9. 
Eight surface s o r t i e s  w i l l  be conducted p r i o r  t o  es tab l i sh-  
ment of t h e  LSB 
After  establishment of t he  LSB, t h e  r a t e  of surface s o r t i e s  
( t o  s i t e s  other  than LSB) w i l l  continue a t  one every lo9 
days 
A s  i n  t h e  pre-LSB plan,  it i s  permissible t o  have crew 
staytime (both OLS and LSB) of 234 days 
The LSB w i l l  have a 12-man crew when f u l l y ' o p e r a t i o n a l  
The LSB w i l l  'be f u l l y  operat ional  f o r  f i v e  years 
One tug can perform t e n  round t r i p s  (orbi t -surface-orbi t )  
A tug  l i f e t i m e  is  th ree  years (exposed t o  the  space 
e nvir  onme n t  ) 
One tug  must be a t  t h e  OLS and another t u g  a t  t h e  LSB 
at  a11 times for rescue purposes 
Only one tug  mission ( e i t h e r  s o r t i e  or LSB v i s i t a t i o n )  
should occur 'between two consecutive RNS a r r i v a l s  i n  
lunar  o r b i t  
The i n i t i a l  establishment of t h e  base on t h e  lunar  surface occurs over 
a r e l a t i v e l y  shor t  per iod  of time s t a r t i n g  with RNS f l i g h t  no. 12 a r r iv ing  i n  
lunar o r b i t  on day 1095 and ending with t h e  de l ivery  of t h e  second group of 
six men t o  the  LSB following a r r i v a l  of RNS no. 17 i n  lunar  o r b i t  on day 
1204. 
items a re  del ivered t o  the  lunar  surface: (1) t h e  LSB s h e l t e r ,  (2)  a l l  LSB 
science equipment i d e n t i f i e d  a t  t h i s  time, (3) 12 crew, 6 a t  a time, and 
(4 )  consunables t o  support LSB operations u n t i l  t h e  next planned tug  v i s i t a -  
t i o n  plus  54,6 days for contingency. 
During t h i s  per iod of time (approximately 3e6 months) t h e  following 
Tugs no, 1 and 2 a r e  expended on t h e  lunar surface i n  t h e  de l ivery  of 
t h e  LSB s h e l t e r  and t h e  science equipment, respect ively.  
tug  no, 1, new tug  no. 3 i s  del ivered t o  lunar  o r b i t  with 559000 pounds of 
propel lant .  New tugs no, 4 and 5 a r r i v e  i n  lunar  o r b i t  p r i o r  t o  expending 
tug no. 2, The s o r t i e  missions a re  resumed, s t a r t i n g  with s o r t i e  mission 
no, 9 occurring j u s t  p r i o r  t o  de l ivery  of t h e  second six men t o  t h e  LSB. 
The d e t a i l s  of t h e  RNS, OLS, and tug  operations occurring during t h i s  LSB 
establishment ('buildup) period, a r e  presented i n  Table 7-12 and i n  Figures 
7-5 and 7-6. 
P r io r  t o  expending 
During t h i s  per iod of time, two RNS f l i g h t s  take place a t  
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off-nominal ea r th  departure times, r e su l t i ng  i n  a departure frequency of every 
27 days approximately. The RNS payload requirements a re  extremely heavy during 
t h i s  per iod due t o  the  de l ivery  of t h ree  new tugs i n  addi t ion  t o  es tab l i sh ing  
t h e  base e 
S t a r t i n g  with RNS f l i g h t  no. 18, t h e  t o t a l  lunar  v i c i n i t y  operations 
a re  s t ab i l i zed .  
109 days, and an LSB tug  v i s i t a t i o n  every 109 days. Each time t h e  RNS a r r ives  
i n  lunar  o r b i t ,  one tug  i s  refueled and one i s  topped-off. Every second RNS 
f l i g h t  de l ivers  s i x  crew and consumables/cargo t o  t h e  LSB (RNS f l i g h t  no. 19 
i s  t y p i c a l ) .  
t he  OLS and a tug s o r t i e  mission (RNS f l i g h t  no. 18 i s  typ ica l ) .  
types of RNS f l i g h t s  can be decoupled f o r  mission planning purposes, i f  
desired,  during t h e  s t a b i l i z e d  operations phase of t h e  LSB era.  
i f  s o r t i e  missions were discontinued f o r  a per iod of time, t he  c i s lunar  
s h u t t l e  f l i g h t  frequency could be reduced t o  one every lo9 days. The same 
would be t r u e  i f  t h e  LSB was deact ivated,  s ince  t h i s  would r eve r t  back t o  the  
pre-LSB e r a  operat ional  conditions.  
adequate e 
An RNS f l i g h t  occurs every 54.6 days, a s o r t i e  mission every 
Alternate RNS f l i g h t s  de l iver  four  OLS crew, and supplies f o r  
The two 
For example, 
The present RNS performance would be 
During the  LSB e ra ,  half  of t h e  OLS and half  of t h e  LSB crew'are  
ro t a t ed  a l t e r n a t e l y  every lo9 days. Consequently, t h e  crew staytime i n  t h e  
lunar v i c i n i t y  i s  234 days ( including 16 days RNS s tayt ime) .  
found t o  be excessive, t h i s  staytime might be reduced t o  125 days by ro t a t ing  
a l l  of t h e  LSB crew each lo9 days, and l ikewise (on a l t e r n a t e  RNS f l i g h t s )  
with t h e  OLS crew. This has the  obvious disadvantage of v i r t u a l l y  elfminating 
crew overlap time a t  t h e  LSB and reducing crew overlap time a t  t he  OLS t o  l e s s  
than 16 days, 
accommodating 12 men ( o r  twice t h e  number of men present ly  assumed f o r  t h e  
operations sequence p lan)  
marginal a t  bes t ,  
If 234 days is  
I n  addi t ion  t h e  RNS crew bus would have t o  be capable of 
The RNS payload capab i l i t y  would be extremely 
The s t a b i l i z e d  operat ional  phase during t h e  LSB e ra  i s  temporarily 
in t e r rup ted  i n  t h e  l a t t e r  half  of t he  s i x t h  year, when three  new tugs a re  
del ivered t o  lunar o r b i t  and tugs no. 3> 4, and 5 a re  r e t i r e d .  Once t h i s  
i s  accomplished, operations a re  again s t ab i l i zed .  
I n  t h e  middle of t h e  n in th  year of OLS manned operations,  t he  LSB 
deact ivat ion commences. 
i s  reduced t o  s i x  men, followed lo9 days l a t e r  by remaining the  s ix  men. 
Subsequent t o  complete deact ivat ion of t h e  LSB, one more tug s o r t i e  i s  
conducted, The f i n a l  e ight  OLS crew a re  re turned t o  ea r th  on RNS f l i g h t  no. 
55 on day 3347, with f o u r  of t h e  men riding i n  t h e  crew module of tug  no. 8 
which i s  docked t o  t h e  RNS f o r  t h e  r e t u r n  t r i p .  The t o t a l  OLS operations 
from time of i n i t i a l  launch f r o m  the  e a r t h  surface t o  time of r e tu rn  of t h e  
l a s t  e ight  OLS crew t o  e a r t h  o r b i t  comprise 9.5 years.  
A t  t h i s  time (approximately 100 months) t h e  LSB crew 
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7.4 TRAFFIC MODEL 
Support t o  the  operations sequence p lan  described i n  Sect ion 7.2 would 
require  not only the  Reusable Nuclear Stage (RNS) f l i g h t s  and tug  lunar o rb i t -  
to-surface f l i g h t s  discussed but  a l so  subs t an t i a l  ea r th  o r b i t a l  operations. 
The OLS and t h e  LSB s h e l t e r  would be launched t o  e a r t h  o r b i t  by  some vehicle  
such as t h e  INT-21. Resupply payloads t o  support t h e  OLS, LSB, and lunar 
tug operations would requi re  EO3 f l i g h t s  t o  a low-alt i tude o r b i t  and t u g  
f l i g h t s  between t h i s  o r b i t  and t h a t  of t h e  RNS. I n  addi t ion,  EOS f l i g h t s  
would be required t o  b r ing  RNS and e a r t h  o r b i t a l  t ug  propel lant  t o  o r b i t ,  
model of a l l  t h i s  t r a f f i c  was developed and i s  shown i n  Table 7-12. Ground 
ru l e s  employed t o  generate t h i s  model a r e  as follows: 
A 
1. RNS propel lant  per f l i g h t  = 300,000 pounds 
2. EOS payload capab i l i t y  t o  100 n m i ,  31-degree inc l ina t ion  = 
45,000 pounds 
3. Tug propel lan t  required t o  descent from a 258 n m i  o r b i t  t o  
t h e  EOS a t  100 n m i  and de l iver  t h e  EOS 45,000 pounds pay- 
load t o  t h e  RNS a t  258 n mi = 2000 pounds 
With t h e  above ground ru l e s  and t h e  RNS payload t o  lunar  o r b i t  f o r  
each RNS f l i g h t  shown i n  Table 7-12, t h e  nuRiber of EOS f l i g h t s  t o  support 
each RNS f l i g h t  i s  determined. The model i n  Table 7-13 shows t h e  EOS and 
e a r t h  o r b i t a l  tug  operations i n  year "zero" t o  support t h e  launch of t h e  OLS 
and the  f i rs t  OLS crew and tug. Subsequent years require  t h e  number of 
f l i g h t s  shown t o  support t he  appropriate RNS f l i g h t s  i n  t h a t  year. 
Propellant losses  and propel lant  module weights a re  given i n  Table 
7-14, and appear as  p a r t  of t h e  RNS payload t o  lunar o r b i t  i n  Table 7-12. 
I n  addi t ion,  15 percent of t h e  RNS propel lan t ,  e a r t h  o r b i t a l  t u g  propel lant  
and lunar  v i c i n i t y  tug  propel lant  not t ranspor ted  i n  the  10,000-pound 
propel lant  modules, i s  allowed f o r  container weight. The 10,000-pound 
propel lant  modules can ca r ry  only 35,000 pounds of lunar  v i c i n i t y  tug 
propel lant  i n  one EOS f l i g h t  due t o  ground r u l e  (2) .  
RNS f l i g h t  no. 16, these  propel lant  modules a re  used t o  near f u l l  capaci ty  
i n  t r a n s i t  from e a r t h  o r b i t  t o  lunar  o r b i t ,  
With t h e  exception of 
The weight breakdown of t h e  crew bus docked t o  t h e  RNS used t o  t r ans -  
po r t  t he  crew between e a r t h  o rb i t  and lunar o r b i t  i s  given i n  Table 7-11. 
Neither t h e  weight of t h i s  crew bus nor t h e  dry weight of an RNS i s  included 
i n  t h e  t o t a l  EOS payload t o  support each RNS f l i g h t .  
In  year 3, one-half of a tug round t r i p  i s  t h e  de l ivery  t o  t h e  lunar  
surface of t h e  LSB s h e l t e r  by a ' t u g ,  which i s  expended on t h a t  f l i g h t  and 
does not r e t u r n  t o  lunar  o r b i t ,  Another one-half round t r i p  i s  t h e  f l i g h t  
by a tug  i n  year 4 which de l ivers  consumables and experiment' equipment t o  t h e  
LSB, This tug i s  expended on t h e  lunar surface a f t e r  de l iver ing  i t s  payload 
t o  the  LSB, 
six-man crew i s  del ivered t o  t he  LSB and i n  year 9 when t h e  last  six-man LSB 
crew i s  brought t o  the  OLS f o r  t r a n s f e r  t o  t h e  RNS and r e tu rn  t o  ear th .  The 
Two other  one-half round t r i p s  occur i n  year 4 when the  f i r s t  
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Table 7-14. Propellant Losses and Propel lant  Modules 
Propel lant  Modules 
(Based upon da ta  from NR e a r t h  o r b i t  propel lant  
depot s tud ie s )  
Weight of 7O,OOO lb propel lant  capaci ty  tank 
(At 14% of propel lant  weight) 
NOTES : 
1. Propellant modules incorporate a pos i t i ve  
expulsion device. 
AU tug propel lan t  ( L H . ~ / L O ~ )  i s  t ransported 
from EO t o  LO i n  70,000 lb capaci ty  propel- , 
l a n t  modules docked t o  the  RNS. 
2. 
ProDellant Transfer Losses 
(Based upon da ta  from NR e a r t h  o r b i t  propel lant  
depot s tud ies  ) 
Total Transfer h s s e s  - of Propellant Weight 
NOTES : 
1. Transfer l o s ses  occur during t r a n s f e r  of 
LH~/LO~ from propel lant  modules t o  tug  
propel lant  tanks i n  LO. 
2. Transfer l o s ses  include non-transferable res id-  
ua l s  and vapor lo s ses  during t h e  t r a n s f e r  
operation. 
Propel lant  Boiloff Losses 
Boiloff Rate of Propellant i n  Propel lant  Modules 
Boiloff Rate of Propellant i n  Tug Tanks 
NOTES : 
1, Operational sequence allows f o r  23 days t o t a l  
time f o r  bo i lof f  i n  propel lan t  modules. 
2,  Operational sequence provides f o r  topping o f f  
of tug propel lant  tanks during RNS 16-aw 
lay-over periods i n  lunar o r b i t ,  
10,000 lb 
2% 
1% per mo 
24 lb/day 
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tug  which de l ivers  t h e  f i rs t  s i x  crew t o  t h e  LSB re turns  t o  the  OLS unmanned 
a f t e r  t h e  next s i x  crew a re  del ivered t o  t h e  LSB t o  complete t h e  LSB bui ld-  
up phase of operations.  There i s  no tug  v i s i t  t o  t h e  LSB when t h e  las t  s ix  
LBS crew are  brought t o  t h e  OLS i n  year 9 because t h i s  completes LSB opera- 
t i ons  @ 
7.5 OPERATIONS SEQUENCE TRADE STUDIES 
I n  developing t h e  operations sequences and t h e  scheme f o r  l o g i s t i c s  
resupply described previously,  a number of t radeoffs  need t o  be made. Two 
more important t rades  considered were (1) t h e  question of whether cargo and 
propel lant  containers  should be returned by t h e  RNS f o r  reuse o r  disposed of 
i n  the  lunar v i c i n i t y ,  and (2)  t h e  technique f o r  r o t a t i n g  LSB crewmen by a 
space tug. I n  addi t ion,  a comparative study was conducted t o  determine t h e  
e f f e c t  upon operations sequencing and l o g i s t i c s  supply of various l eve l s  of 
c i s lunar  s h u t t l e  payload capabi l i ty .  These th ree  t r ade  s tudies  a r e  discussed 
i n  the  following paragraphs 
7.5.1. 
One of t h e  questions t h a t  have t o  be answered i n  order t o  schedule t h e  
l o g i s t i c s  payloads f o r  t he  RNS t o  support OLS and LSB operations i s  whether 
o r  not t h e  payload containers should be returned t o  e a r t h  o r b i t  f o r  reuse. 
These containers would o r i g i n a l l y  be loaded and i n s t a l l e d  i n  the  EOS o r b i t e r  
payload bay f o r  de l ivery  t o  ea r th  o r b i t ,  There they would be e i t h e r  d i r e c t l y  
t r ans fe r r ed  t o  the RNS o r  t ranspor ted  from the  EOS parking o r b i t  t o  t h e  RNS 
by  a space tug,, On a r r i v a l  i n  lunar  o r b i t ,  cargo containers would be removed 
f r o m  t h e  RNS by a tug  and subsequently e i t h e r  t ranspor ted  t o  the  OLS or  t o  t h e  
LSB. Propel lant  could be t r ans fe r r ed  d i r e c t l y  i n t o  a t ug  c?r t o  a propel lant  
depot, o r  t he  containers could be removed f rom t h e  RNS by a tug  and del ivered 
t o  a depot, be it separate  o r  a t tached t o  t h e  OLS. In  any event, both cargo 
and propel lant  containers could conceivably be disposed of e i t h e r  on the  lunar  
surface or  i n t o  o r b i t ,  o r  t hey  could be returned when depleted by t h e  RNS f o r  
subsequent refurbishment and reuse. 
i n  defining t h e  operations sequences, a t radeoff  s tudy was conducted and i s  
described i n  the  following paragraphs a 
To s e l e c t  which mode should be employed 
The approach t o  developing t r ade  da ta  was t o  determine the  following: 
1, The reduction i n  outbound (EO t o  LO) cargo ca r r i ed  by an 
RNS i f  cargo and propel lant  containers were returned 
2, The increase i n  number of RNS f l i g h t s  r e q u i r e d t o  de l iver  
t he  same amount of cargo (as  when not re turning containers)  
i f  containers were returned 
3. The r e su l t i ng  cos t  t o  de l iver  a pound of cargo, both with 
and without container r e tu rn  
4. The cost  of containers t h a t  would be required t o  break ,even 
i f  they  a re  re turned and reused 
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The previously described approach was appl ied t o  both t h e  case of pay- 
I n  t h e  l a t t e r  case, loads del ivered t o  lunar o r b i t  and t o  t h e  lunar  surface.  
t he  increase i n  tug  propel lan t  required was accounted f o r  when cargo containers 
were returned t o  lunar  o r b i t  (as subsequently back t o  e a r t h  o r b i t ) .  
s e n s i t i v i t y  of t h e  break-even cos t  t o  t h e  assumed container weight t o  cargo 
weight f r a c t i o n  a l s o  was examined. 
The 
The r e s u l t s  of t h e  ana lys i s  a r e  shown i n  Figures 7-7 through 7-9. 
Figure 7-7 presents  t h e  t o t a l  cos t  t o  de l ive r  a pound of cargo, including t h e  
container cos t ,  as a func t ion  of container cost  based on containers weighing 
10 percent of cargo weight. For t h e  lunar  surface case t h e  break-even 
container cos t  i s  approximately $2000 pe r  pound and i s  about 10 percent l e s s  
f o r  t he  lunar  o r b i t  case. I n  other  words, unless containers a r e  a b l e a s t  
t h i s  expensive, it i s  cheaper t o  dispose of them. I n  generating these  da ta  
it was assumed t h a t  t h e  de l ivery  cost  t o  lunar  o r b i t  i s  $1000 per  pound f o r  
the  no-return-of-containers case; thus,  a cos t  per  RNS f l i g h t  could be 
es tab l i shed ,  
I n  Figure 7-8, t h e  container break-even cost  i s  shown t o  be f a i r l y  
in sens i t i ve  t o  t h e  assumed container-cargo weight f r ac t ion .  I n  Figure 7-g9 
the  s e n s i t i v i t y  of t h e  break-even cos t  t o  t h e  base l ine  RNS outbound payload 
i s  shown. The operations sequence p l an  f o r  t h e  OLS and LSB shows a ll9,OOO- 
pound average outbound RNS payload. 
break-even cos t  i n  t h i s  case of $2300 t o  $2500 per  pound. 
Figure 7-9 would ind ica te  a container 
The data  shown assume t h a t  i f  containers a re  re turned t o  earth o r b i t  
by t h e  RNS, there  i s  no f u r t h e r  cost  involved f o r  t h e i r  subsequent reuse 
( i 8 e . >  no cos t  t o  r e tu rn  them t o  e a r t h  or elsewhere f o r  reloading, no re fur -  
bishment cos t ,  e t c . ) .  
containers r e a l l y  cost? I n  other  words, w i l l  it be more economical t o  r e tu rn  
and reuse or t o  dispose of t h e  containers? I n  t h e  tug  study, cargo container 
costs  a r e  being estimated a t  approximately $550 pe r  pound (average recurr ing 
cost  f o r  100 u n i t s ) .  
t he  assumptions noted e a r l i e r )  it would not pay off t o  r e tu rn  cargo containers,  
but  r a the r ,  it would be more economical t o  dispose of them. Several  techniques 
f o r  disposal  of resupply modules (cargo and propel lan t )  were evaluated. A 
f eas ib l e  method f o r  t h e i r  disposal  is:  cargo modules would be l e f t  on t h e  
lunar  surface and propel lant  modules could be de-orbited and impact t h e  lunar  
surface a t  a predetermined time and s i t e .  
The question n a t u r a l l y  then a r i s e s ,  how much would such 
From these  estimates it would appear t h a t  (based on 
The proposed operat ional  l i f e  sequence f o r  cargo modules f o r  OLS/surface 
s o r t i e s  i s  as  follows, The module i s  del ivered t o  lunar  o r b i t  b y  t h e  c i s lunar  
shu t t l e .  A tug  t r a n s f e r s  t h e  cargo module t o  t h e  OLS and OLS suppl ies  a re  
off loaded and s to red  e i t h e r  i n t e g r a l l y  i n  t h e  OLS or i n  an at tached pant ry  
module, 
cargo module f o r  t h e  c i s lunar  f l i g h t  and access t o  t h e  OLS suppl ies  without 
dis turbing surface s o r t i e  suppl ies ,  A t  t h i s  po in t  t h e  module contains only 
surface s o r t i e  conswnables. A second cargo module, which i s  reusable,  con- 
t a i n s  surface mobil i ty  equipment as  we l l  as  s c i e n t i f i c  equipment t h a t  i s  
used on multiple surface s o r t i e s ,  The two modules a r e  a t tached t o  the  tug  
and descend t o  t h e  lunar  surface,  The expendable cargo module is  lowered t o  
the  surface,  used as  a "pantry" during t h e  surface mission and l e f t  there .  
Proper loading schedules w i l l  permit high dens i ty  packing within the  
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The reusable cargo module with t h e  mobil i ty  equipment i s  re turned t o  lunar  
o rb i t .  
These modules would be taken d i r e c t l y  t o  t h e  surface (no off loading a t  t h e  
OLS) and deposited there .  
Disposal of LSB cargo modules can be accomplished i n  s imi l a r  manner. 
A more pos i t i ve  ac t ion  i s  required t o  dispose of propel lant  modules. 
The modules could e i t h e r  be in j ec t ed  i n t o  a sun o r b i t  ( = 3700 f t / s e c ) ,  
i n j ec t ed  i n t o  an e a r t h  o r b i t  ( = 3500 f t / s e c ) ,  o r  de-orbited t o  t h e  lunar 
surface ( =: 100 f t / s e c ) .  In j ec t ion  i n t o  a sun o r b i t  i s  highly des i rab le  but  
t h e  propel lan t  required would negate t h i s  approach. J e t t i son ing  of t h e  
propel lant  module during t h e  c i s lunar  s h u t t l e  e a r t h  r e tu rn  mission was eval- 
uated. I n  order t o  be e f f ec t ive  t h e  j e t t i s o n i n g  of t h e  module could not 
take place u n t i l  approximately 90 percent of t h e  T E I  maneuver i s  completed 
(during t h e  t h i r d  th rus t ing  of t h e  three  impulse maneuver). 
lunar  de-orbit  maneuver could 'be used t o  dispose of t h e  propel lant  modules, 
This operat ion could .be coordinated with some of t h e  s c i e n t i f i c  experiments 
which requi re  lunar impacts. A space tug  could be u t i l i z e d  f o r  t h e  operation 
and the  t o t a l  propel lant  required f o r  t h e  ret rograde and posigrade ( r e t u r n  
t o  OLS) maneuvers would 'be approximately 1200 pounds. 
two percent of the  tug  resupply and i s  not s p e c i f i c a l l y  budgeted i n  the  l o g i s t i c s  
resupply presented i n  Sections 8.1 and 8.4. 
A 100 f t / s e c  
This i s  approximately 
Additional in-depth analysis  of reusable versus expendable resupply 
modules i s  required,  'but f o r  purposes of t h i s  s tudy t h e  disposable cargo and 
propel lant  module concept i s  used. 
7.5.2 LSB Crew Rotation 
The r o t a t i o n  of LSB crewmen could be accomplished i n  more than  one 
way. The operations sequence p lan  shows an orbital-based tug  del iver ing 
replacement crewmen t o  t h e  surface and by r e tu rn  f l i g h t  br inging t h e  s ix  men 
replaced up t o  o r b i t  t o  t he  RNS. If on t h e  other  hand, one tug  is  kept on 
t h e  surface near t he  LSB a t  a l l  times, t h i s  t ug  could load s ix  returning 
crew, ascend t o  o r b i t ,  exchange these s i x  men f o r  t h e i r  s i x  replacements who 
j u s t  a r r ived  on t h e  RNS, and r e tu rn  t o  t h e  surface,  making a s ing le  round 
t r i p .  However, t o  avoid l a rge  out-of-plane d e l t a  V requirements, t h e  ascent 
and descent must be e i t h e r  during the  same day o r  e l s e  approximately 14 days 
apar t .  The same holds  t r u e  i f  an orbital-based tug i s  used t o  r o t a t e  these  
LSB crewmen, I n  t h e  RNS performance presented previously,  it was noted t h a t  
t h e  RNS must depart  on t h e  1 6 t h  day a f t e r  a r r i v a l  i n  lunar  o rb i t .  There i s  
no s i g n i f i c a n t  window f o r  t h i s  re turn ;  t h a t  i s ,  i f  t h e  r e t u r n  were delayeq 
by a day, f o r  example, it would not be possTble t o  r e tu rn  and c i r c u l a r i z e  
t h e  o r b i t  a t  t h e  258 n m i ,  31.6-degree e a r t h  o r b i t  i n  which operations 
presumably would be based, unless t he  outbound payload was reduced i n  t h e  
f i r s t  place by 30,000 t o  40,000 pounds. 
16-day staytime happens t o  include two of t he  coplanar lunar  o rb i t  t o  LSB 
opportuni t ies  (spaced a t  14  days) t he  only option f o r  LSB crew r o t a t i o n  i s  
a same-day tug  round t r i p .  This option i s  permissible accor'ding t o  t h e  LSB 
Therefore, unless  t h e  
study. 
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There i s  an a l t e rna t ive ,  however, t h a t  became evident upon f u r t h e r  
examination of RNS performance data. The 16-day staytime mission was se l ec t ed  
by  t h e  RNS study based on the  f a c t  t h a t  t h i s  l imi ted  t o t a l  mission time f o r  
an e a r t h  o r b i t  t o  lunar  o r b i t  and r e t u r n  t o  26 days and allowed time t o  r e f u e l  
before the  next opportunity (which occur every 55 days). I n  t h e  operations 
sequence p l an  presented previously,  however, t h e  normal schedule i s  t o  f l y  on 
every other  opportunity ( a t  109-day i n t e r v a l s )  which allows an extended 
per iod i n  e a r t h  o rb i t  f o r  RNS preparation, including refuel ing,  f o r  t h e  next 
f l i g h t .  Therefore, another mission opportunity case examined i n  t h e  RNS study 
becomes a poss ib i l i t y .  I n  it, the staytime a t  lunar  o r b i t  i s  27 days and thus 
comprising a t o t a l  mission t i m e  of 37 days. This would not have l e f t  much 
time (55 - 37 = 18 days) f o r  RNS preparat ion between f l i g h t s  i f  every 
opportunity were used, but because t h e  normal scheme here is  t o  sk ip  every 
other one, enough time should be avai lable .  With t h i s  case then, most of t h e  
time the re  would be two coplanar lunar  o r b i t  t o  LSB opportuni t ies  occurring 
during t h e  time t h e  RNS i s  i n  lunar  o rb i t ,  and therefore ,  t h e  option t o  ascend 
and descend with t h e  tug  with no out-of-plane d e l t a  V penal ty  i s  avai lable .  
The ac tua l  percent of t h e  t i m e  t h a t  this i s  possible, 'assuming t h a t  t he re  i s  
equal p robab i l i t y  of any time RNS a r r i v a l  with respect t o  these  coplanar 
o r b i t  t o  surface opportuni t ies ,  i s  shown i n  Figure 7-10. Obviously, some 
time must be allowed between RNS a r r i v a l  and tug  descent and between tug  
r e t u r n  t o  o r b i t  and RNS departure t o  allow f o r  unloading, cargo container 
t r a n s f e r ,  p rope l lan t  t r a n s f e r ,  crew t r a n s f e r ,  e t c .  If one day i s  allowed a t  
each end, then, e f f ec t ive ly ,  t h e  RNS staytime i s  reduced t o  25 days, and, as  
Figure 7-10 shows, t h e  tug  mst make an out-of-plane ascent 17 percent of t h e  
time, The amount of out-of-plane maneuver i s  based on how much e a r l i e r  than 
optimum t h e  tug must ascend; Figure 7-11 shows t h a t  t h i s  i s  2.3 days f o r  t h i s  
case. The increase i n  tug  propel lant  f o r  t he  t o t a l  round t r i p  as  a funct ion 
of t he  s i t e  l a t i t u d e  i s  shown i n  Figure 7-12. For a 2.3-day staytime, t h i s  
ranges from 11 t o  21 percent over t he  20- t o  60-degree l a t i t u d e s .  If a 20- 
degree s i t e  i s  assumed f o r  t h e  LSB, then 17 percent of t h e  time t h e  tug  
propel lant  would have t o  be increased by 21 percent ,  or  i n  other words, t h e  
t o t a l  t u g  propel lant  f o r  LSB v i s i t s  would be increased 3.6 percent.  Referring 
t o  Table 7-9, t h i s  would mount t o  approximately 37,000 pounds more propel lan t  
(and containers)  t h a t  t he  RNS f l i g h t s  would have t o  del iver .  
t he  values shown i n  Table 7-9 increases  the  average RNS payload by approxi- 
mately f i f t e e n  hundred pounds, which is  s t i l l  within t h e  RNS performance 
capab i l i t y  shown e a r l i e r  ., 
Adding t h i s  t o  
It i s  concluded from t h e  previous discussion t h a t  f lexibi l i ty  exists 
within t h e  operations sequence p lan  developed t o  accommodate t h e  opt ional  
ways by which LSB crew ro ta t ions  could be accomplished with t h e  space tug. 
Further ,  more d e t a i l e d  analyses of t h e  LSB operations must be conducted be- 
fo re  t h e  prefer red  mode can be determined. 
7.5.3 
Those port ions of t h e  preceding paragraphs i n  Sect ion 7.0 t h a t  a r e  
s e n s i t i v e  t o  t h e  payload capab i l i t y  of t h e  c i s lunar  shu t t l e ,  a r e  based upon 
the  RNS having t h e  performance capab i l i t i e s  s h  n i n  Figure 7-3. An RNS 
f l i g h t  i s  scheduled every 109 days during t h e  pre-LSB e r a  and every 54,6 
days during t h e  s t a b i l i z e d  po r t ion  of t h e  LSB e r a s  This f l i g h t  frequency 
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(as  can be seen i n  Table 7-12) i s  marginally adequate t o  support a l l  l o g i s t i c s  
requirements including (1) a tug  s o r t i e  every lo9 days during the  e n t i r e  10- 
year program (excluding the  LSB buildup per iod) ,  (2) an LSB tug  v i s i t a t i o n  
every lo9 days (excluding t h e  LSB buildup per iod)  f o r  t he  purpose of resupply- 
ing t h e  LSB, and (3) resupply of t h e  OLS. 
margin var ies  from 4000 t o  7000 pounds during t h e  pre-LSB era ,  and from 11,000 
t o  17,000 pounds during t h e  LSB era .  There a r e  notable expections t o  t h i s  
however ( f o r  example, RNS f l i g h t s  no, 13 and 33) when the  payload margin i s  
e s s e n t i a l l y  zero. 
no. 13 and 1.5 occurring a t  off-nominal e a r t h  departure t imes) i n  order t o  
meet t he  added payload requirements associated with es tab l i sh ing  t h e  LSB 
program. A t  no time during the  10-year per iod i s  it necessary t o  s t o r e  
propel lants  i n  lunar or'bit e 
Generally t h e  RNS outbound payload 
It was necessary t o  add two addi t iona l  f l i g h t s  (RNS f l i g h t s  
The primary purpose of developing the  mission sequence t h a t  i s  pre- 
sented i n  t h i s  s ec t ion  was t o  i d e n t i f y  impacts and design dr ivers  on the  OLS. 
Depending upon the  v a l i d i t y  and acceptance of t h e  l o g i s t i c s  model, t h i s  
sequence could a l s o  influence c i s lunar  s h u t t l e  s i z i n g  ' a c t i v i t i e s  e The RNS 
marginally supports t h e  l o g i s t i c s  requirements e The two-stage CPS capab i l i t y  
i s  s o  much l a rge r  than required t h a t  i t s  use would impact t h e  OLS design. It 
would appear t h a t  a c i s lunar  s h u t t l e  t h a t  has payload capab i l i t y  i n  between 
t h e  RNS and CPS models used f o r  t h i s  s tudy i s  more des i rab le  f o r  t h e  OLS 
program. 
7.5.3.1 Desired Payload Capabi l i ty  
The c i s lunar  s h u t t l e  should have a payload margin s u f f i c i e n t  t o  pro- 
vide some f l e x i b i l i t y  i n  mission planning and t o  provide a s a fe  operating 
margin, Mission planning f l e x i b i l i t y  should provide t h e  capab i l i t y  t o  increase 
payload by approximately t e n  thousand pounds on a given f l i g h t ,  and t o  permit 
c i s lunar  s h u t t l e  e a r t h  departures a t  other  
opportuni t ies .  
'bound payload capab i l i t y  occurs a t  these  intermediate departure opportuni t ies  e 
Perhaps an addi t iona l  10,000 pounds f o r  a s a f e t y  margin would be adequate. 
The above th ree  items t o t a l  approximately t h i r t y  thousand pounds payload. 
An addi t iona l  allowance f o r  possible  growth i n  payload requirements of 20 
percent,  or 25,000 pounds, r e s u l t s  i n  a des i red  c i s lunar  s h u t t l e  outbound 
payload capab i l i t y  ranging f r o m  30,000 t o  55,000 pounds over t he  nominal 
payloads i n  t h e  mission model developed i n  Table 7-12. 
than o p t i u  54.6-day departure 
A loss of approximately t e n  percent (12,000 pounds) i n  out- 
7.5.3.2 RNS Cislunar Shu t t l e  Compatibility 
The RNS payload capab i l i t y  shown i n  Figure 7-3 does marginally support 
t h e  nominal OLS l o g i s t i c s  model. However, t he re  a re  no provisions f o r  RNS 
crewmen, crew consumables, and crew command s t a t i o n s  
N o  attempt has been made i n  t h i s  study t o  i d e n t i f y  t h e  impact of such pro- 
vis ions on t h e  RNS. But, these  provisions coupled with the  des i re  for a 
reasonable payload margin a t  t h i s  s tage  of t he  program indica te  t h a t  con- 
s ide ra t ion  of an RNS with a l a r g e r  payload capaci ty  than cu r ren t ly  being 
s tudied  i s  warranted. 
o r  abort i rescue functions 
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7. 58383 CPS Cislunar Shu t t l e  Compatibil i ty 
A comparative evaluat ion of t h e  CPS (Chemical Propulsion Stage) c i s -  
lunar  s h u t t l e  has been made using the  basel ine operations sequence (Table 
7-12). Figure 7-13 presents  t h e  CPS payload c a p a b i l i t i e s  f o r  bo th  t h e  s ing le  
and two-stage configurations (da t a  from Guideline No, 9, Contract NAS9-10924) e 
Dealing f i r s t  with the  two-stage configuration, t h e  outbound payload capab i l i t y  
( a t  an appropriate  r e t u r n  payload of l 5 , O O O  pounds) i s  approximately 2.3 times 
the  payload c a p a b i l i t y  of t h e  RNS. It i s  assumed t h a t  t he  CPS would make one- 
half  as many f l i g h t s  as t he  RNS t o  support t he  same program. Hence, t he re  
would 'be a CPS f l i g h t  every 218 days during t h e  pre-LSB era,  and one f l i g h t  
every 109 days during t h e  s t a b i l i z e d  LSB era. 
Table 7-15 presents  an analysis  of t h e  e f f e c t  of t h e  2-stage CPS (CPS- 
2) upon major l o g i s t i c s  and mission planning f a c t o r s  as compared t o  t h e  RNS. 
The following i s  a summary of t he  more s i g n i f i c a n t  r e s u l t s  of t h e  analysis .  
1. 
2. 
3. 
4. 
5. 
6 .  
OLS s torage capab i l i t y  would have t o  be increased from 180 
days t o  273 days, or by approximately f i f t y  percent.  
The CPS would require  a lunar  o r b i t  p rope l lan t  depot, 
which the  RNS does not, unless  one add i t iona l  tug is  
maintained i n  the  lunar  v i c i n i t y  a t  a l l  times. 
The CPS would require  r o t a t i o n  of t he  e n t i r e  OLS crew at  
each v i s i t a t i o n  during the  pre-LSB era ,  thus reducing 
crew overlap t o  l e s s  than 16 days. 
The CPS would requi re  a crew bus capaci ty  of 10 t o  12 
men, compared t o  a 6-man RNS crew bus. 
The CPS would require  an addi t iona l  350 EOS f l i g h t s  t o  
support t h e  same t o t a l  program. 
The reduced frequency of CPS f l i g h t s  would reduce t h e  
mission planning f l e x i b i l i t y .  
These f a c t o r s  ind ica te  t h a t  t h e  2-stage CPS (with the  performance defined i n  
Figure 7-13) has more payload capab i l i t y  than  can be e f f i c i e n t l y  used on t h e  
p re sen t ly  defined OLS program. 
LSB buildup phase, 
during t h i s  phase of t h e  program. 
The one exception t o  t h i s  t r end  i s  dur ing , the  
The CPS-2 concept would el iminate  one c i s luna r  f l i g h t  
A b r i e f  analysis  of t he  s ing le  s tage  CPS seem t o  ind ica t e  t h a t  it is  
impract ical  f o r  use as t he  primary c i s lunar  s h u t t l e  f o r  support of t he  lunar 
program defined and described i n  Sect ion 7.3. 
lunar  o r b i t  t o  r e f u e l  a s ing le  tug  (60,000 pounds), top-off .of  one tug  (1400 
pounds) 
pounds), and the  weight of a propel lan t  module (10,000 pounds), t o t a l s  
approximately seventy-three thousand pounds e This i s  e s s e n t i a l l y  the  payload 
capab i l i t y  of t h e  s i n g l e  s tage CPS (CPS-1) and does not include any cargo or 
crew r o t a t i o n  l o g i s t i c s  support ,  It i s  possible  t h a t  given a 
The de l ivery  of propel lan t  t o  
propel lan t  t r a n s f e r  and boi l -off  l o s ses  on c i s lunar  s h u t t l e  (1600 
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Usable Propellant = 540 K (CPS-1) 
Inert Weight = "OK (CPS-1) 
Isp = 460 see 
Delta-V EO-LO = Delta-V LO-EO = 14,000 f p s  
One W a y  EO -P LO Payload = 273K 
EOS/CPS EO Inse r t ion  Capabili ty is 180K 
CPS Diameter: 22 - 28 f t  
(100 n mi,  31.6O k c l . )  
SLING-SHOT MODE 
SINGLE STAGE 
4 
0 50 100 
PAYLOAD TO EO FROM LO, KILO POUNDS 
Figure 7-13. C P S  Lunar Mission Payload Capabi l i ty  
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Table 7-15* Comparison Between Two-Stage 
CPS and RNS Cislunar Shut t les  
Pre LSB E r a  
Assume 2-stage CPS f l i g h t  every 218 days ( r a the r  than lo9 days as f o r  RNS) e 
Assume one s o r t i e  f l i g h t  every 109 days f o r  both c i s lunar  shu t t l e s .  
1, 
2, 
3. 
4. 
5. 
6, 
Storage of O M  Cargo: 
CPS requires  218 + 55 = 273 days 
RNS requires  109 + 55 = 164 days 
OLS design guideline requires  180 days 
Storage of Sor t i e  Cargo: 
Cargo s tored  i n  tug cargo pods fo r  both cases 
Storage of Tug Propellants:  
If two s o r t i e s  a re  conducted between CPS.flights with only two 
tugs i n  lunar  o r b i t  (as i s  the  case with IWS), a propel lant  
depot i s  required i n  lunar o r b i t  t o  meet rescue requirements. 
If one addi t iona l  tug ( t o t a l  of 3) i s  placed i n  lunar  o r b i t ,  
no propel lant  depot i s  required f o r  CPS. 
f o r  RNS. 
No depot required 
Crew Rotation: 
The e n t i r e  8-man crew mst be ro ta ted  at  each CPS v i s i t a t i o n ,  
as opposed t o  4 crew ro ta t ion  f o r  each RNS v i s i t a t i o n .  
Lunar Operations: 
CPS requires  twice as much cargo handling during each 16-aw 
cis lunar  s h u t t l e  s t ay  period i n  lunar  o r b i t ,  
Crew Bus: 
CPS requires  8-man crew bus (as opposed t o  4) on c i s lunar  
s h u t t l e  t o  t ranspor t  crewc 
LSB E r a  
Assume two-stage CPS f l i g h t  every lo9 days ( r a the r  than 55 days as f o r  RNS). 
Assume one tug s o r t i e  and one LSB tug v i s i t a t i o n  every lo9 days for both 
c i s lunar  shu t t l e s  e 
1, Storage of OLS Cargo: 
CPS requires  109 + 55 = 164 days 
OLS design guideline requires 180 days 
RNS uses 109 + 55 = 164 d w s  
2 e  Storage of Sor t ie  Cargo: 
Cargo s tored i n  tug  cargo pods for both cases 
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Table 7-15. Comparison Between Two-Stage CPS and 
RNS Cislunar Shuttles (Cont'd) 
3. 
4. 
5. 
Storage of Tug Propellants 
If one sortie and one LSB visitation are conducted between CPS 
flights with a total of three tugs in the lunar vicinity (as is 
the case with RNS), a propellant depot is required in lunar 
orbit to meet rescue requirements. If one additional tug 
(total of 4) is maintained in the lunar vicinity, no propellant 
depot is required for CPS. No depA required for RNS. 
Crew Rotation: 
CPS requires rotation of 4 OLS = 6 LSB crew each visit (or 
alternately, 8 OLS crew followed by 12 LSB crew). 
alternately rotating 4 O L S  crew followed by 6 LSB crew. 
RNS permits 
Crew Bus: 
CPS requires either a 10- or 12-man cislunar shuttle crew bus 
(See item 4 above). 
RNS requires 6-man crew bus. 
General 
1. 
2 .  
3. 
Cislunar Shuttle Flights: 
CPS requires approximately half as many flights as RNS 
(See Table 7-13) a
EOS Flights to deliver Cislunar Shuttle Propellant: 
CPS - Propellant w t .  + contain. = 28 flts x 1080~ x 1 ~ 5  
= 34,800K pounds 
EOS flights = 34,800K 45,000 = 775 flights 
RNS - Propel, wt. + contain. = 55 flts x 3OOK x 1.15 
= 19,000K pounds 
EOS flights = l9,OOOK + 45,000 = 422 flights 
Therefore, CPS requires approximately 350 more EOS flights than does 
the RPJS (See Table 7-13) 
Kssion Planning: 
CPS provides less mission planning flexibility than RNS due to 
having twice as long an interval between flights. 
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s u f f i c i e n t  nwxiber of CPS-1 f l i g h t s ,  and devoting t h e  t o t a l  payload of a CPS-1 
f o r  support t o  each lunar  t ug  mission, t h a t  t h e  CPS-1 could be used as the  
primary c i s lunar  s h u t t l e ,  without requir ing a propel lan t  depot i n  lunar  o rb i t .  
I n  t h e  case of a s ing le  s tage CPS, operations become i n e f f i c i e n t  because of 
t o o  small a payload capacity,  
Any evaluat ion of t h e  merits/demerits of various p o t e n t i a l  c i s lunar  
s h u t t l e s  should place major importance on the  propel lant  requirements of each 
c i s lunar  s h u t t l e  compared t o  i t s  payload capabi l i ty ,  
has t h e  r e l a t i v e l y  favorable r a t i o  of outbound payload t o  propel lan t  weight 
of .42, it s t i l l  consumes (including container weight) approximately seventy 
percent of t h e  t o t a l  payload del ivered t o  e a r t h  o r b i t  by the EM.  
Even though t h e  RNS 
A combination of CPS-1 and CPS-2 (2-stage) f l i g h t s  might be a candidate 
f o r  consideration; 'but was not inves t iga ted  because of t h e  low r a t i o  of CPS-1 
outbound payload t o  propel lant  weight (J3) compared t o  CPS-2 r a t i o  ( .30),  
which would r e s u l t  i n  a l a rge  increase i n  required nurriber of EOS f l i g h t s  
compared t o  a s o l e l y  supported CPS-2 program. 
7-44 
SD 71-207 
rth American Rockwell 
8,O PROPELLANT MANAGEMENT 
8.1 INTRODUCTION AND SUMMARY 
A vital operational aspect of an integrated lunar exploration program 
in the 1980% is a propellant management scheme for providing tug propellant 
and OLS cryogenics resupply in a timely and efficient manner. Current esti- 
mates indicate that approximately 55 percent of the payload weight delivered 
to lunar orbit on the cislunar shuttle will be tug propellant, and an addi- 
tional 5 percent will be OLS cryogenies (LH2, L02, and LN2) 
the largest portion of cryogenics delivered to lunar orbit is tug propellants, 
the more common terms "propellant management'' and "propellant module" are 
used herein rather than cryogenics management and cryogenics module. 
upon the operations sequence model presented in Section 7.0, propellant 
requirements are evaluated and propellant management concepts for meeting these 
requirements are discussed. In this task propellant resupply logistics were 
reviewed, the need for a lunar orbital propellant depot evaluated, and a mod- 
ule for delivery of propellant to lunar orbit defined. The main conclusions 
reached were : 
Since by far 
Based 
1. No lunar orbit-ing propellant depot is required to store 
cryogenices, nor is there a requirement for a cryogenic 
stxage facility docked to the OLS. 
2- A 77,000-pound-capacity propellant module can be used to 
transport cryogenies to lunar orbit and subsequently 
transfer cryogenies direction to the tugs and to the OLS. 
3. The propellant modules can be disposed of on the lunar 
surface with an expenditure of approximately 1200 pounds 
of tug propellant, or they can be returned to earth. 
8@2 CRYOGENIC RESUPPLY LOGISTCS 
The major lunar program elements considered herein are the LSB, the 
tug lunar surface sortie missions (not part of the LSB program), and the OLS 
itself. Each of these programs is heavily dependent upon the tugs in the lunar 
vicinity to transport cargo, to rotate crews, and to provide adequate crew- 
rescue capability, Based upon the operational sequence developed in Section 
7.0, using the IWS cislunar shuttle, approximately 55 percent of each RNS p w -  
load is comprised of propellants for the lunar lander tugs. In addition, 
approximately 9 percent (11,000 pounds) of outbound payload consists of the 
propellant module that is proposed for transport of propellants on the cislunar 
shuttle (Paragraph 8,4 describes the propellant module). By far the greatest 
portion (approximately 90 percent) of the total cryogenies delivered to lunar 
orbit vi11 consist of tug propellants, the remainder being L02> LH2 and L;N;I 
for OLS resupply. 
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Tug Propellant Requirements 
The initial step in developing propellant resupply concepts and 
logistics procedures was the generation of a detailed cislunar shuttle oper- 
ations sequence model on a flight-by-flight basis, including timelining of 
logistics resupply requirements. The FQJS was used as the baseline cislunar 
shuttle, and emphasis was placed on minimizing the propellant storage require- 
ments in lunar orbit without penalizing the lunar vicinity science programs. 
The resulting operations sequence model (Section 7.0) incorporates a tug sortie 
mission every 109 days during the entire 10-year OLS program, except for a 
short interval of approximately 6 mcjnths during which the LSB is being estab- 
lished on the lunar surface. 
for LSB cargo resupply every 109 days. 
either a tug sortie mission or an LSB visitation occurs, but not both. Both 
types of tug missions require approximately 56,500 pounds of propellant. 
flights occur every 109 days during the pre-LSB era and every 55 days during 
the stabilhed LSB era. 
During the LSB era, there is a tug visitation 
Between each RNS flight to lunar orbit, 
RNS 
In the operations sequence, each RNS flight to lunar orbit (with three 
exceptions) delivers sufficient tug propellant to refuel one tug that is 
essentially empty and to replenish the boil-off losses of a second tug. This 
second tug has remained docked to the OLS in lunar orbit to provide rescue 
capability. During the LSB era, a third tug is based on the lunar surface to 
provide LSB rescue capability, Based on the RNS payload capability defined in 
the OLS Guidelines and Constraints, all necessary cargo can be delivered to 
lunar orbit on a timely basis in addition to the 70,000 
required cryogenics resupply. 
to 75,000 pounds of 
Cryogenics Resupply Procedure 
A nominal procedure for cryogenic resupply is as follows. Upon arrival 
of the RNS in lunar orbit, one of the two tugs (tug A) docked to the OLS would 
traverse the short distance to the RNS, dock to the propellant module on the 
RNS, and refuel. Tug A would then transport and dock the propellant module to 
the OLS, and transfer LH2, L02, and L;N2 to the OLS tanks, Tug B would then 
undock from the OLS, dock to the propellant module and refuel. Subsequently, 
tug B and the attached propellant module would separate from the OLS. Tug B 
would then perform a retrograde delta-V maneuver (approximately 100 feet per 
second) in order to place the propellant module on a moon intersecting tra- 
jectory for disposal on the lunar surface. The tug would then separate from 
the module, perform a posigrade delta-V maneuver, and redock to the OLS. 
Approximately 1200 pounds of propellant are required for these two burns. A 
more detailed discussion of this and alternate methods of propellant module 
disposal are included in Section 7.0, The option remains, of course, to 
return the propellant module to earth (see Section T80 for a cost trade-off 
study of expending versus reusing the propellant module), 
8 , 3  LUNAR ORBITAL PROPELLANT DEPOT 
Regardless of the specific steps and possible alternatives involved in 
the refueling procedures as discussed in the preceding paragraphs, the opera- 
tions sequence (Section 7*O) shows that at no time is it necessary to store 
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tug propellant in lunar orbit, At all times during the 10-year O M  operating 
period, the required tug propellants can be transferred directly from the pro- 
pellant module to the tug tanks without a requirement for an intermediate 
storage facility. The tugs that require refueling can always be available for 
refueling during the 16-day sta.y periods of the RNS in lunar orbit. 
be assured by adopting a refueling sequence that does not require refueling of 
the sortie tug within approximately 14 days of its planned completion of a 
sortie mission. Thus, if the return of a sortie tug from the lunar surface to 
the OLS is delayed 14 days (to the next coplanar launch opportunity), the 
refueling sequence will not be impacted, and propellant storage in lunar orbit 
to accommodate this type of contingency is avoided.. 
This can 
The question arises as to whether the conclusions reached in the preced- 
ing paragraph relative to propellant storage are still valid if the cislunar 
shuttle is a chemical propulsion stage (CPS) e 
logistics effects resulting from use of the two-stage CPS (compared to the 
RNS) are discussed and presented in Section 7.0. Because of the large payload 
capability of the two-stage CPS (more than twice that of the RNS), the asswnp- 
tion is made in the comparative evaluation that CPS flights would occur half 
as frequently as RNS flights. Assuming no changes in the lunar exploration 
programs, two tug flights would occur between each CPS flight (instead of one 
as with the RNS) during both the pre-LSB and LSB eras. For the CPS case, a 
pmpellant storage capability in lunar orbit would be required to conduct two 
missions tc, the lunar surface and maintain OLS rescue capability (unless an 
additional tug is maintained in lunar orbit). 
bility could be pmvided by leaving a "full-up" 77,000-pound-capacity 
propellant module in lunar orbit (after departure of the CPS). During normal 
operations, a fully fueled tug is docked to the OLS almost all the time. 
Therefore, if comparable safety provisions are incorporated in the propellant 
mgdule, it too could be docked to the OLS. In the worst case (during the pre- 
LSB era), the subsequent refueling of the second tug from the storage facility 
could occur approximately 60 days after lunar departure of the CPS. 
this time period, approximately1500 pounds of propellant would be lost through 
boiloff from the propellant module. 
The delta operational and 
This propellant storage capa- 
During 
Because of the hazards, complexities, and costs associated with an 
orbital propellant stxage facility, the major emphasis in the propellant 
management task was to derive a technique that would preclude the require- 
ment for such a facility. The technique was not optimized but was developed 
to the point of establishing its feasibility. There is a potentialwasting of 
propellants remaining in the propellant module at disposal. Accurate quant- 
ity gauging systems and boil-off predictions of the tug system could minimize 
that loss e 
Additional efficiency may be feasible if propellants for tug operations 
are delivered integrally with the cislunar shuttle (H2 from the RNS and H2/02 
fmm the CPS). 
shuttle design requiring b3th tankage oversizing as well as the incorporation 
of propellant expulsion equipment. Such a concept could be a tradeoff option 
in future cislunar shuttle studies. 
Obviously, this cmcept would directly impact the cislunar 
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The operational sequence model proposes one cislunar shuttle flight 
for each sortie to the lunar surface. 
a propellant storage facility in lunar orbit is not required and the following 
programmatic improvements are affected: 
If this mode of operation is maintained, 
1. Elimination of one propellant transfer operation and the saving 
of 1400 to 1500 pounds of propellant for each 70,000 to 75,000 
pounds of propellant delivered to lunar orbit (See Section 7.0 
for  a presentation of transfer losses). 
2 e  Elimination of one potential safety hazard that would be associ- 
ated with a dxked propellant storage facility. 
3 .  Elimination of large development costs for a free-flying lunar 
orbiting propellant depot. 
4. Elimination of need for stationkeeping for a lunar orbiting 
propellant storage facility. 
8.4 PROPELLANT M0DUL;E 
As a result of the generation of an operations sequence model (Section 
7.0), a requirement has been identified for a container (or propellant module) 
to transport tug propellants to lunar orbit on the cislunar shuttle from which 
propellants can be transferred directly to the tugs in lunar orbit. The 
refueling operations in lunar orbit, the subsequent propellant module disposal 
operations, transfer losses, and boil-off losses are discussed in paragraph 
8.2. The propellant module design requirements resulting from the operations 
sequence and from refueling operations are as follows: 
1. Propellant (LH2, L02, and LN2) capacity of 77,000 pounds 
2. Positive expulsion device for transferring propellants 
3. External dimensions compatible with the Earth Orbiting 
Shuttle (EOS) 
4. Passive docking ring at each end 
Based upon parametric data obtained from previous studies conducted at 
NR on propellant containers, the following propellant tanker module configur- 
atim is defined: 
Propellant capacity 
LH2 tank, capacity 
LOX tank, capacity 
LN2 tank, capacity 
Diameter 
Length 
volume 
vzAme 
mlume 
77,000 pounds 
16,450 pounds 
4,570 cubic feet 
58,550 pounds 
930 cubic feet 
2,000 pounds 
46 cubic feet 
15 feet 
45 feet 
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Module empty weight 
( Including pumps , plumbing, 
expulsion bladders , e t c  e ) 
11,000 pounds 
The module diameter of 15  f e e t  w i l l  permit i t s  being transported from 
the  e a r t h ' s  surface i n  an EOS, but the f u l l y  loaded module w i l l  exceed the  
45,000-pound EOS payload capabi l i ty  t o  100 nau t i ca l  miles a l t i t u d e .  A maximum 
of 34,000 pounds of propel lant  can be loaded i n t o  the  module f o r  t h e  EOS f l i g h t .  
An a l t e r n a t e  design concept involves half  - length propel lant  modules (same diam- 
e t e r ,  23 f e e t  long),  which could be docked together i n  pa i r s  a f t e r  being t rans-  
ported i n t o  ea r th  o r b i t .  Each half-length module would weigh appr3ximately 
45,000 pounds f u l l y  loaded and would be within the payload capabi l i ty  of the  
EOS e 
Propellant bo i lof f  from the  pr3pellan-t module and f u e l  t r ans fe r  losses  
( i . e . ,  res iduals  and losses  caused by vaporizing a t  time of t r a n s f e r )  have 
been considered i n  the  s i z ing  3f the  propel lant  module.. These losses  t o t a l  
up t o  approximately 1700 pounds for  each RNS f l i g h t .  
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9 ? 0  DOCKING OPERATIONS AND PAY OAD ACCOMMODATIONS STUDIES 
Based upon the operations sequence model presented in Section 7.0, 
concepts for cargo transport and storage are developed in this section. 
Worst-case storage requirements are identified, resupply procedures are 
developed, and docking operations are defined. The primary conclusions are 
the following : 
1. 
2 .  
3 .  
4, 
5. 
A "pantry" module is not required to store OLS cargo. 
OLS and tug sortie supplies can be transported to lunar orbit 
in a common cargo module, i.ee, a dual-support cargo module. 
LSB supplies are transported independently in dedicated cargo 
modules 
A total of six core module docking ports are required, includ- 
ing four side ports with passive docking rings and two axial 
ports with active docking cones. 
Four active/active docking adapters are sufficient to support 
lunar orbital. operations, 
9.1 CARGO STORAGE PROVISIONS AND RESUPPLY CONCEPTS 
gelel OLS Storage Requirements 
Storage Weight 
The determination of the OLS cargo storage requirements involves the 
consideration of four major requirements in order to assure that the design 
is compatible with program guideline requirements and with worst-case opera- 
tional and rescue requirements. The following are the four major requirements 
that must be met: 
1, Resupply of consumables must not be required more often than 
once every 180 days (OLS program guideline) 
2 .  OLS storage facilities must be adequate to store the quantity 
of normal operational supplies consumed between planned cis- 
lunar shuttle resupply visitations (109 d a y s )  plus an additional 
55-day contingency allowance in the event of an aborted cislunar 
shuttle visitation (refer to Operations Sequence, .Section 7.0) 
This requirement, which is equivalent to 164 days of normal con- 
sumption, is less severe than item 1 above and need not be 
considered further. 
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3. 
4. 
Sufficient metabolic consumables must be on board to support 
the 8-man OLS crew for 109 days plus an additional 12-man 
LSB crew for the last 55 of the log-day period, in the event 
of an LSB rescue (refer to Section 5.0 for a discussion of 
rescue requirements) 
Storage facilities are required to store 109 days of normal 
operational supplies consumed between planned cislunar 
shuttle resupply visitations, plus additional contingency 
conswnables required by any credible single failure of on- 
board OLS hardware. 
The storage quantity of a given consumable (02, for example) must meet 
all of the preceding requirements taken separately, but not in combination, 
The most severe requirement for one consmble is not necessarily the most 
severe for another consumable. The on-board storage requirements for cryo- 
genics, liquid hydrazine, and gaseous nitrogen are presented and discussed in 
the RCS section of this report (Section 3.5 of Volume V) . 
items is provided in tanks located in the unpressurized upper and lower torus 
areas of the OLS. Discussed herein are requirements for a l l  the other consum- 
ables that are stored in pressurized areas. 
Storage for these 
Table 9-1 presents the requirements for storage in the pressurized 
areas of the OLS. The consumables are broken down into four main categories 
with associated weights, stowed densities, and volumes. Two quantities of 
conswnables (shown in parentheses) are not included in the total volume 
requirements since specific storage space has been designated for these item 
in the galley freezer and in the crew staterooms. A stowage efficiency of 
67 percent has been used to account for unusable space between cartons. 
the four previously stated requirements , the 180-day normal consumption 
requirement (item 1) is most severe for OLS spares and replacements, and also 
for experiment spares and supplies. In the case of food and crew personal 
supplies, the LSB rescue requirement (item 3) is most severe. Consuraables 
for 8 men for 109 days plus 12 men for 55 dws are equivalent (in terms of 
man-days) to 8 men for 192 days, which is a 12-day greater requirement than 
item 1. 
age in the pressurized areas of the OLS, 
Of 
A total volume of 642 cubic feet is required for undesignated stor- 
9.1.2 Cargo Module and Resupply Concepts 
An evaluation has been made to determine, conceptually, the means and 
procedures by which the three major lunar elements can be resupplied with 
cargo. The evaluation which includes the cargo requirements of the LSB, tug 
lunar surface sortie missions, and the OLS was limited to considerations that 
impact the OLS from a design or operational standpoint, Two major inputs to 
this analysis are (1) the operations sequence model presented in Section 7e39 
(2) the trade studies presented in Section 7.5 (Disposable Versus Reusable 
Cargo/F’ropellant Containers), and (3) the cargo module sizing data from 
Section gsle3. 
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Table 9-1. OLS Cargo On-Board Storage Requirements 
Criteria: 
180-da~ nominal or resupply plus contingencies (whichever is greater) 
67-percent stowage efficiency in pressurized areas 
Stowage 
Density Volume Weight 
lb 1b/ft3 ft3 
Pressurized Areas 
*Food 
(in galley freezer) 
Crew personal supplies 
( in staterooms ) 
HECLSS expendables 
OLS spares and replace- 
ments 
Experiments spares and 
supplies 
Totals 
Unpressurized Areas 
Cryo, liquid hydrazine, 
594 33 08 18 
11,354 *642 
Average Density = 17.7 lb/ft 3 
GN2 (See Section 3.5 of Volume V) 
*Numbers in parentheses excluded from totals 
HResupply plus contingencies 
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The operations sequence s tudies  ind ica te  the f e a s i b i l i t y  and des i r -  
a b i l i t y  of es tab l i sh ing  a t o t a l  lunar  v i c i n i t y  l o g i s t i c s  concept whereby LSB 
cargo and OLS/tug s o r t i e  cargo are delivered on a l t e r n a t e  c i s lunar  s h u t t l e  
f l i g h t s .  
55 days during the LSB era .  
of the  LSB required consumables i n  a cargo module on ear th ,  with no require- 
ment f o r  off-loading of  the  cargo u n t i l  it i s  delivered t o  the lunar surface 
a t  the  LSB, 
the  lunar  surface.  Thus cargo handling is  minimized and maximum cargo e f f i -  
ciency can be a t t a ined  by packing the  LSB cargo module on ea r th ,  
This concept assumes a c is lunar  s h u t t l e  f l i g h t  frequency of every 
The l o g i s t i c s  supply procedure permits packaging 
Subsequent t o  off-loading, the  LSB cargo module i s  expended on 
The current tug program configuration s tudies  a t  NR have iden t i f i ed  a 
po ten t i a l  tug configuration f o r  surface s o r t i e  missions t o  include two cargo 
pods or modules, one mounted on each s ide  of t he  tug. 
fo r  a t y p i c a l  s o r t i e  mission a r e  iden t i f i ed  i n  Table 7-4 of th i s  volume. 
Approximately half of t he  down payload is  returned t o  lunar  o r b i t ;  i , e , ,  
mobili ty vehicles and most experiment equipment. These same cargo i t e m  are 
used f o r  numerous s o r t i e  missions and can be transported between lunar  or'bit 
and the lunar  surface i n  one of the  cargo modules (module 1) reserved f o r  
that purpose. The o ther  cargo module (module 2) can be used e f f ec t ive ly  f o r  
dual support t o  both the  s o r t i e  missions and the  OLS, and i s  henceforth 
re fer red  t o  as the  dual-support cargo module. 
The down/up pwloads 
The following s teps  b r i e f l y  describe the l o g i s t i c s  resupply sequence 
f o r  the dual-support cargo module: 
1. 
2. 
3 .  
4, 
5. 
6, 
The cargo module, containing both OLS and s o r t i e  mission supplies,  
i s  transported t o  lunar  o r b i t  by the  C I S  (c i s lunar  s h u t t l e ) .  
Tug A t raverses  the  shor t  dis tance from the OLS t o  the  CLS and 
docks t o  the  module. The docking in t e r f ace  i s  between the tug  
upper a x i a l  docking port  (containing a passive docking r ing  and 
an ac t ive l ac t ive  adapter)  and the  module "no-hatch" axial 
passive docking r ing  (see Section 9.2 f o r  fu r the r  discussion of 
docking ports  and docking adapters, and Section 9.1.3 f o r  cargo 
mdule design concept) e 
The cargo module i s  transported t o  the OLS by tug A, and docked 
t o  an OLS passive docking r ing  which contains an ac t ive /ac t ive  
adapter 
The OLS supplies a re  off-loaded i n t o  the  OLS, leaving the s o r t i e  
mission suppl ies  within the  module. 
Tug A t ranspor t s  the  module t o  tug  B, and docks the  hatch end 
of the module t o  the  landing gear-mounted mating r ing  on tug  B 
(see Section 9.1.3 f o r  design concept), 
Tug B ( the  s o r t i e  tug)  t ranspor t s  the  dual-support cargo module 
t o  the  lunar  surface,  t h e  suppl ies  a re  consumed from the  mod- 
u le  serving as a supply pantry, and the  module is then expended 
on the  lunar  surface,  This dual use of the  cargo module i s  of 
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mutual advantage t o  both program elements s ince it provides a 
convenient means of disposing of t he  OLS "cargo-carrying'' mod- 
ule as w e l l  as providing a supply pantry on the lunar  surface.  
An evaluation w a s  conducted comparing the  use of a dual-support cargo 
module with two dedicated modules; i .e. ,  one module dedicated t o  OLS consum- 
able  resupply and one dedicated t o  tug s o r t i e  mission resupply. 
presents a s i z e  and weight comparison of the two resupply concepts, A dual- 
support module required t o  t ranspor t  17,515 pounds of OLS/sortie mission 
consumables would weigh approximately 2610 pounds e 
modules required t o  t ranspor t  OLS and tug  s o r t i e  mission supplies separately 
would weigh approximately 2445 and 1185 pounds respectively,  o r  a t o t a l  of 
3630 pounds. The dual support module i s  approximately 1000 pounds l i g h t e r  
than the  combined weights of t he  dedicated modules, and would be s ign i f i can t ly  
cheaper t o  t ranspor t  t o  lunar  o r b i t  on the c i s lunar  s h u t t l e  each 109-dW 
resupply in t e rva l .  The dedicated tug s o r t i e  module i s  considerably l i g h t e r  
than the  o ther  two modules, pr imari ly  because it is  assumed t o  be unpressur- 
izable .  It i s  s l i g h t l y  l a r g e r  than the dedicated OLS module, i n s p i t e  of 
being s ized f o r  a smaller resupply capacity, because it contains a 5-foot 
diameter empty core t o  f a c i l i t a t e  i t s  use as a pantry on the  lunar  surface.  
Table 9-3 presents  an addi t iona l  comparison intended t o  show the  penalty, if 
any, imposed on the tug s o r t i e  mission performance r e su l t i ng  from using a 
dual-support cargo module t h a t  is  expendable as opposed t o  a l i g h t e r  weight 
dedicated reusable module. In  the  l a t t e r  case, the  assumption i s  made t h a t  
s o r t i e  mission consumables would be t ransported t o  lunar o r b i t  i n  the  dual- 
support module, then t ransfer red  t o  a dedicated reusable tug  s o r t i e  module. 
The comparison shows a s l i g h t  savings i n  tug  propel lant  r e su l t i ng  from using 
the dual-support module on the  s o r t i e  mission because it is  expended on the  
lunar  surface.  If it were required t o  expend the  dual-support module on the  
lunar  surface by applying a deorbi t  d e l t a  V t o  the module i n  lunar  o r b i t  
( thus placing the  module on a moon in t e r sec t ion  t r a j ec to ry ) ,  an addi t iona l  
1200 pounds of  tug propel lant  would be required.  
t h a t  t he  dual-support cargo module concept compares favorably w i t h  the  
a l t e rna t ives  discussed from the standpoint of cargo module weights and tug 
propel lant  requirements, 
Table 9-2 
Two dedicated cargo 
I n  conclusion, it appears 
9.1.3 Sizing and Design Concept of Dual-Support Cargo Module 
An evaluation has been conducted t o  determine the  minimum s i z e  cargo 
module requiyed t o  provide j o i n t  resupply of both t h e  OLS and the  t u g  f o r  
s o r t i e  missions. 
upon a c i s luna r  s h u t t l e  f l i g h t  i n t e r v a l  of 109 days ( i n  accordance with the  
operations sequence model developed i n  Section 7.0). Note that all OLS and 
tug cryogenic resupply i s  provided by the  propel lant  module ( r e f e r  t o  Sec- 
t i o n  8.0 f o r  more d e t a i l ) ,  and therefore ,  i s  not included on Table 9-4. The 
t o t a l  vohtne requirements a r e  888 cubic f e e t  (365 i- 523) including a 67 per- 
cent stowage ef f ic iency  f ac to r  t o  allow f o r  unusable space between containers.  
Table 9-5 presents a der ivat ion of t he  dual-support cargo module capable of  
meeting these resupply requirements. 
t o  permit t ranspor t  i n  t h e  cargo bay of the  EOS (ear th- to-orbi t  s h u t t l e )  
An ove ra l l  length of 16,5 f e e t  
the  cargo module. 
Table 9-4 presents t h e  cargo resupply requirements based 
A l5-foot diameter cyl inder  i s  assumed 
and a weight of 2610 pounds were derived f o r  
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Table 9-2. OLS/Tug Sortie Resupply Module Concepts 
Dual-Support versus dedicated criteria: 
109-day resupply interval 
15-foot diameter 
Dual-Support Dedicated Dedicated 
Module OLS Module Tug Module 
Weight of consumables (Ib) 17,515 1 1 , 2 9 0  6 ,225  
Module pressurizable Yes Yes No 
Overall length of module (ft) 16.5 13.8 15.1 
Weight of empty module (ft) 2 6 1 0  2 4 4 5  1 1 8 5  
Expended on lunar surface Yes Yes Yes 
Table 9-3. Comparison of  Delta Tug Propellant consumed on Sortie to Transport Cargo Module Weight 
I Criteria: 
Dual support module fully loaded 
Tug consumables module with 5-foot diameter empty core 
15-foot outside diameter 
Dual-Support Dedicated 
Cargo Module Tug Consum. 
Module 
Overall module length (ft) 
Weight sortie consumables (Ib) 
Module pressurizable 
Weight o f  empty module (Ib) 
Module expended on lunar surface 
Tug propellant factor (Ib propel/lb payload) 
16.5 15.1 
6 2 2 5  6 2 2 5  
Yes No 
2610 1185 
Yes No 
0.75 1.85 
(0 LS-LS) (0 LS-LS-OLS 1 
Tug propellant consumed transporting (Ib) 1 9 6 0  2 2 0 0  
empty module weight (OLS-LS) (OLS- LS-OLS) 
I 
Table 9-4. OLS/Tug Sortie Cargo Resupply Requirements (for Transport i n  Dual-Support Cargo ModuleP 
Criteria: 
109-day resupply interval 
1 tug sortie every 109 days Weight Stow Dens. VoJyne 
6796 stowage efficiency (Ib) ( I  b/ft> 1 (ft 1 
Tug Sortie 
Experiments ,resupply 
Propellant for mobil. veh. 
7 2  5 
5 500 
15.0 
17.3 
48 
317 -
Totals 6,225 365 
(Avg. Density = 
17.0 Ib/ft3) 
OLS 
Food 3,335 21.2 157 
ECLSS expendables 555 2 0 - 6  2 7  
OLS spares and replace 3,580 15.0 2 3 9  
Experiments spares and supplies 3 6 0  33.8 11 
89 Liquid hydrazine for subsat. 3,460 38.9 
Totals 11 ,290  5 2 3  
-
(Avg. Density = 21,6 Ib/ft3) 
*OLS and tug cry0 transported in propellant module 
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Table 9-5. Dual-Support Cargo Module Configuration 
Features 
l5-foot diameter cylinder, pressurizable 
Three docking interfaces 
1 axial docking port -- passive, no hatch 
1 axial docking port -- passive, with hatch 
OLS cargo in central core 
Sizing 
OLS 109-day resupply 
Tug sortie resupply 
Minimum required cargo 
volume 
Cargo volume with 33$ 
allow. (grovth/mission 
flexibility) 
Cargo module overall 
length (wall thickness 
bulkhead, hatch and 
port a ~ o w  ) 
Weight - 11,290 pounds 
Volume - 523 cubic feet 
Weight - 6,225 pounds 
volume - 365 cubic feet 
888 cubic feet 
1180 cubic feet 
16.5 feet 
Weight 2610 pounds 
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The module is pressurizable to permit off-loading of OLS cargo in a 
shirtsleeve environment e 
hatch at one end only) would provide necessary docking interfaces with the 
tug and the OLS. All loading and unloading of the module would take place 
through this single hatch. 
the side of the tug (with parallel orientation of the longitudinal axes of 
the module and tug) for conduct of a sortie mission, the tug landing gear 
kit would be equipped with a docking ring. This ring would mate with the 
hatch end of the module to provide the primary support of the module. 
ring would be gimballed to enable the cargo module to be initially mated 
to it with the module longitudinal axis at an angle of 45 to 60 degrees with 
the tug longitudinal axis. This would provide adequate clearance for the 
mating operation, Subsequent to initial mating, the gimballed ring would be 
rotated to the flight position (for the sortie mission) with the two axes 
parallel. 
the lunar landing position, thus facilitating unloading of the sortie mission 
supplies on the lunar surface. 
Two axially located passive docking rings (with a 
To facilitate ultimate docking of the module to 
The 
The hatch end of the module would be down relative -bo the tug in 
DOCKING OPERATIONS 
The following analysis of docking operations was conducted to determ- 
ine the required number of OLS core module docking ports, to determine which 
ports should incorporate active docking cones, and to identify the number of 
active/active docking adapters necessary to support lunar orbital operations 
9.2.1 Number of Core Module Cocking Ports 
The determination of the number of docking ports required must include 
the consideration of the number of tugs to be docked at one time, of the 
number of cargo modules to be docked at one time, of a docking port for 
attachment of an electrical power source, and consideration of the docking 
port requirements to provide operational flexibility and backup in the event 
of a port failure. 
The basis for the determination of the number of tugs that may be 
In the pre-LSB era, a total of two 
docked simultaneously to the OLS is the operations sequence analysis docu- 
mented in Section 7.0 and Table 7-12. 
tugs is in the lunar vicinity at one time. During most of this time period 
(approximately 65 percent), both tugs will be docked to the OLS. 
LSB era, there will be a total of three tugs in the lunar vicinity at any 
one time. One of the three tugs will always be stationed at the LSB for 
rescue purposes, a situation resulting in a maximum of two tugs docked to 
the OLS at one time. Each tug is replaced at the end of approximately three 
years, at vhich time it becomes expendable; thus tug lifetime overlap periods 
(refer to flights 13, 15, 33, 34, and 35 in Table 7-12) are avoided. Hence, 
to support all tug operations during the entire 10-year OLS operational period, 
two docking ports must be available for docked tugs. 
During the 
Cargo resupply of the OLS involves the docking of a cargo module to 
the OLS for off-loading of supplies (refer to Section g.l,2 for discussion 
of the concept), The off-loading operation can occur at the same time at 
which two tugs are docked t o  the  OLS and, therefore ,  imposes a requirement f o r  
one addi t iona l  docking po r t  The requirement exists whether the j o i n t  OLS/tug 
s o r t i e  resupply concept of Section 9.1.2 i s  used or whether a separate  OLS 
cargo module concept i s  used. I n  any event, t h e  proposed concept i s  t o  s t o r e  
a l l  OLS cargo on board and not i n  an attached cargo pantry,  
OLS configurations t h a t  a r e  presented i n  Volume I V  comply with t h i s  concept. 
All t h e  candidate 
All but  one of t he  primary e l e c t r i c a l  power source concepts discussed 
i n  Volume I V  require  an extension boom attachment t o  the  OLS. The s o l a r  a r ray  
concept requires  a separat ion dis tance t o  minimize r ad ia to r  shadow e f f e c t s  and 
t o  provide maneuvering space for docking operations.  
requires a l a rge  separat ion dis tance t o  hold shield weights t o  a f eas ib l e  
l eve l .  The radioisotope power source could be incorporated as p a r t  of the 
basic OLS, but  sh i e ld  weights and sa fe ty  considerations tend t o  dr ive  the  
locat ion of  t he  source t o  a power boom a l so .  Therefore, one docking por t  
(an a x i a l  loca t ion)  i s  reserved f o r  a power boom assembly. 
A nuclear power source 
One dedicated OLS docking po r t  i s  required f o r , t h e  permanently docked 
experiment module, which must be docked t o  a +Z por t  t o  provide experiment 
viewing of t he  lunar  surface along lunar  nadir  (see Section 2.1 of Volume V ) .  
I n  addi t ion t o  the  requirements already ident i f ied ,  there  i s  a require- 
ment t o  provide the  capab i l i t y  of proceeding with the  normal OLS operations 
and with the  experiments program i n  the  event t h a t  one docking po r t  becomes 
unable t o  provide i t s  normal functions.  The spare docking po r t  can a l so  be 
used t o  provide the operational. f l e x i b i l i t y  t o  re loca te  a docked element t o  
another docking por t  without having t o  detach two elements simultaneously. 
An analysis  of cryogenics l o g i s t i c s  requirements and operations (d is -  
cussed i n  Section 8.0) has shown there  i s  no requirement f o r  a propel lant  
depot i n  l u n a r  o r b i t  f o r  s torage purposes, e i t h e r  detached or at tached t o  the  
OLS. The proposed cryogenics resupply concept u t i l i z e s  a propel lant  module 
for t ranspor ta t ion  of cryogenics t o  lunar  o r b i t .  
dock t o  the OLS for a shor t  period each lo9 days i n  order t o  replenish the  
OLS cryogenic tanks. 
purpose; e i t h e r  the spare docking por t  (discussed i n  previous paragraph) or 
one of the  tug  docking por t s  can be used. 
The propel lant  module w i l l  
A n  addi t iona l  OLS docking po r t  i s  not required f o r  t h i s  
In  summary then, t h e  OLS representa t ive  configuration assembly and 
dockim oDerations impose the  requirement f o r  a t o t a l  of s ix  OLS core module 
docking por t s  as i l l u s t r a t e d  i n  Figure 9-1. 
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9.2.2 Type of Core Module Docking Ports 
The number of required universal docking ports has been established 
at six in the previous section, 9.2.1. The questions arise as to what type 
of ports these should be in terms of active or passive, and how many active/ 
active docking adapters (if any) are required. 
Consideration was given to providing an active docking cone at each of 
the six docking ports. If active docking cones were utilized at the side 
docking ports, they would be required to protrude beyond the outside mold- 
line of the 27-foot diameter core module by approximately two feet, This 
requirement is imposed by the need for providing adequate clearance (6 inches) 
between the OLS and a docking tug having a &-degree misalignment with the 
docking port centerline. In this case, the tug mating docking port would be 
equipped with a passive docking ring. The resulting protrusions from the 
side of the core module would require the presence of external fairings over 
the active docking cones during the atmospheric boost phase. 
requirement for external fairings , the design configuration selected utilizes 
passive docking rings at the side ports, resulting in negligible protrusions 
beyond the core module external moldline. The two core module axial docking 
ports incorporate active docking cones. 
To avoid the 
In order to minimize the weight of the dual-support cargo module and 
the propellant module, both of which are expended on the lunar surface, 
passive docking rings have been selected for both docking ports on both 
modules. Likewise, both docking ports on the lunar lander tugs will incorpor- 
ate passive docking rings. The experiment module, which is to be pemanently 
docked to a dedicated core module docking port, will have a passive docking 
ring at one port and an active docking cone at the other port which mates to 
the OLS. 
elements having passive docking rings are to be mated. 
An active/active docking adapter must be utilized whenever two 
One active/active docking adapter is required for each tug (a total of 
two) to enable the tugs to transport the aforementioned modules from the 
cislunar shuttle to the OLS, and also to enable the tugs to dock directly to 
OLS side ports. In addition, two adapters are required to permit concurrent 
docking of a propellant module and a cargo module to OLS side docking ports, 
It is concluded that a total of four docking adapters (which can be moved 
from one port to another) are sufficient to accommodate all required opera- 
tions in lunar orbit. 
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